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Mr. Rodger Field

United States Environmental
Protection Agency

230 South Dearborn
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Dear Rodger:

Enclosed are two copies of the risk assessment done
by Dr. Crump and colleagues on the OMC NPL site. This document
has been prepared in an effort to resolve the dispute between
the government and Outboard Marine Corporation (OMC). This
risk assessment compares the risk due to the remedy selected
by the Record of Decision to an in-place containment (IPC)
remedy.

It is important to note that the IPC evaluated in the
risk assessment was based on a proposal previously developed
by consultants to the government; it differs from the IPC
approach discussed with EPA officials on December 1, 1986.
OMC and 1its consultants believe that the IPC design as
discussed on December 1, is at least as protective of human
health and the environment as the IPC design evaluated by
this risk assessment. Therefore, while the design details
differ, OMC believes that the relative risk posed by the
IPC approach is much less than posed by the ROD alternative,
as demonstrated by the enclosed summary.

In the course of the development of this document, every
effort  has been made to follow U.S.EPA guidelines for
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preparation of a quantitative risk assessment. It is our
understanding that all scientists do not agree or accept
the highly conservative assumptions and concepts used by
EPA and followed here. In particular, OMC does not believe
that the risk assessment procedure, because of its highly
conservative nature, predicts real risk. Nevertheless, we
believe that EPA's risk assessment procedures confirm our
view that the suggested IPC design is a preferred
cost-effective remedy to the remedy selected by the ROD,

We look forward to your resronse.

Very truly yours,

JEFFREY C. FORT

JCF:kc

Enclosures

cc: Mr. Al Ryan/enclosures
Mr. Gary King/enclosures
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1. Introduction

1.1. Bockground

The Outboard Marine Corporation (OMC) operates facilities located
on an industrial and commercial site adjacent to Laoke Michigan in
Waukegan, Illinois, opproximately 37 miles north of Chicogo. The site
is near Waukegan Harbor, an irregularly shoped arm of Lake Michigan
hoving a surfoce crea of approximately 42 acres (Figure 1-1). Other
industrial facilities located in the area include lLarsen Marine, a
National Gypsum plant, Falcon Marine, and the Waukegan Water Filtration
plant. A public beach is located on the eastern edge of the OMC
property. Public launching ramps, mooring sites, slips, and other
facilities for small boats are also located in the harbor, primarily in
the southern portion. Various fish species are found in the Waukegan
area of Loke Michigan, many of which are valuaoble to sport ond
commerciaol fishing industries.

It appears that, beginning in the lote 1950's, OMC utilized

hydraulic fluids containing polychlorinated biphenyls (PCBs)! in its

Tpolychlorinoted biphenyls are comprised of mixtures of biphenyl com-
pounds with varying amounts of chlorine. Commercial PCBs, due to their
resistance to breakdown from fire ond heot and their electricol insulc-
ting capacity, had been widely used in numerous industrial applications
since their introduction in the 1920s. PCBs were identified as a poten-
tially hazardous environmental contaminant during the 1860s. In 1971
the principol manufacturer of PCBs voluntarily ceosed PCB production for
all "open-ended" applications (appliications where emissions into the
environment cannot be controlled), and completely discontinued produc-
tion in 1977 (IARC, 1978 and Monsanto Company, 1879 In: Jomes et al.,
1981).
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die-casting facility, OMC plant #2, locaoted just north of Slip #3
(Figure 1-1). 1In 1971, OMC ceased purchasing PCB-containing hydraulic
fluids.

In 1976, the U. S. Environmental Protection Agency (EPA) notified
OMC that it had found high concentrations of PCBs in the sediment and
water of Waukegan Harbor as well as in the soil in the vicinity of the
OMC plant. Since the discovery of PCBs on the OMC site, many studies
have been undertaoken to determine PCB concentration and export of PCBs
from the site, ond the potentiol impact of PCBs originating from this
site on the environment. These investigotions have revealed three maojor
areas with elevated PCB concentrotions: Woukegan Harbor, porticulorly-
Slip #3; the surface runoff draoinoge orea called the North Ditch, which
includes the Crescent Ditch and Oval Lagoon; and a parking lot north of

the OMC plant (Figure 1-1).

1.2. Purpose of This Study

Utilizing the information gothered from this site, results of
transport modelling for the site, and knowledge of environmental
properties of PCBs, the EPA hos determined that remedicl actions in the
Woukegan Harbor, the North Ditch area and parking lot area of the OMC
property ore needed. Several remedial action plans have been pro-
posed, of which two will be evolucted in this document. These include
a plan proposed by the EPA and an clternative plon. ‘The purpose of this
report is to provide a comporative assessment of the risk to human

health from exposure to PCBs from the OMC site, thot can then be used to
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assess benefits and costs of two of these remedial alter natives.

1.3. Description of Remedial Alternatives

The remedial action plan selected by the EPA was described in its
Record of Decision (USEPA, 1984). The proposed plan, herein referred to
as the ROD clternative, is a fund-balanced approach that the EPA expects
to be effective in preventing migration of PCBs from the site. The
other remedicl alternative being evaluated is referred to as the in-
place containment alternative (IPC). These are briefly described below
and details are provided in Chapter 4.

Record of Decision Alternative (ROD): Under the ROD alternative,

oll sediments in Woukegan Harbor and the North Ditch area containing
greater than 50 ppm PCBs will be removed and confined to prevent migra-
tion of PCBs into the environment. The sediments containing the highest
concentrotions of PCBs (those contoining greater than 10,000 ppm PCBs)
will be removed and disposed of offsite in o licensed hazardous waste
facility. Sediments with lower PCB concentrations will be dredged,
dewatered in clay-lined logoons to be constructed on vacant OMC
property, and ultimately confined in containment cells to be constructed
on the OMC parking lot or in the Crescent Ditch/Oval Lagoon areas.

In-Ploce Contoinment Alternative (IPC): An alternative plan, the

In-Place Containment (IPC), proposes to confine, on site, oll sediments
in Woukegan Harbor containing more than 50 ppm PCB. Under this
alternative, a containment cell will be built by constructing n slurry

wall between Slip #3 and the upper rarbor. The upper harbor will be



Introduction

dredged to remove sediments containing greater thaon 50 ppm PCBs and

the dredged material will be deposited behind the slurry wall. The slip
will then be capped with clay to prevent PCB migrotion. It is also
proposed that o storm drain be constructed through the parking lot to
divert =urface runoff and process water away from the North Ditch areao
and into Lake Michigan. The entire North Ditch area will then be
filled, temporarily dewatered so that the sediment can be capped with
clay, and covered with top soil and vegetation. Under the IPC plan
analyzed here?, no slurry wall would be constructed around the Crescent
Ditch, Oval Lagoon, or the parking lot unless and until the migrotion of
PCBs is detected. Monitoring wells will be constructed in the vicinity
to detect any migration of PCBs through the groundwaoter and to assess

the need for further remedigl action to minimize this transport.

1.4. Evaluotion of Potentiol Health Risks
The evidence that PCBs have the potential for causing some health
effects is derived principally from animal studies. As with any
substance, the potential for adverse health effects is determined by
both the degree of exposure and the potency of the substance for causing
the effects. Therefore, risk depends not only on the potency or
intrinsic toxicity of PCBs (that is, the amount of PCBs required to
produce harm), but also the amount of PCBs to which humans are exposed.
2This analysis does not include provisions for cnalyzing the risk once
slurry walls are constructed around Slip #3, the North Ditch area (to
include the Crescent Ditch and Oval Lagoon), ond the parking lot.
Installation of slurry walls more accurately represents OMC's current
proposal to EPA, and it is believed that the installation of slurry

walls will be more protective than the scenario analyzed herein.

~4-
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Evoluation of the potential for health risks is a three step process
consisting of exposure assessment, hazard assessment, ond risk charaoc-
terization. Exposure assessment is the estimation of the amount of PCBs
to which humans are expected to be exposed in both of the remediol
alternatives studied. MHazard assessment is the qualitative evaluation
of experimental data to determine the potential of developing adverse
health effects as a result of exposure to PCBs. Risk characterization
is the estimation, baosed upon the data evaluated in the hazaord assess-
ment step, of any increased risks to human health from the exposures
estimated in the exposure assessment. Accordingly, in this assessment
both the potency of PCBs for causing vorious health effects and the
expected exposures to humons as a result of implementing each of the
remedial olternatives ore evaluated.

There is considerable uncertainty as to both the extent of exposure
and the effects upon human health as a result of this exposure to PCBs
from the Waukegan Harbor arec. Actual measurements of environmentol
releases and humon exposures are not available for all exposure routes
even under present conditions, aond clearly are not ovailable for the
remediocl oction scenaorios being evaluated. Therefore, exposures are
estimated using mathematical models that require informed judgrents
regarding the specific remedicl actions and environmental conditions.
Additional uncertainty results from quantifying the potential for human
health effects using experimentcl animal dota. Mathematical dose
response models are used to estimote the effect of environmental

exposures upon humans using data on animals exposed to much larger doses
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of PCBs. Such opplication of mothemotical models is frequently made in

the regulotory communities. 1In this risk assessment, these exposure and
dose response models are on integrol part of the evaluation of expected

site responses under competing management alternatives.

Elements of uncertainty thot are inherent in these analyses are
addressed by providing two types of estimates: "more probable" and
"worst case." "More probable" estimaotes of exposure involve use of
reasonoble, best estimote values for porameters derived from theory,
data, and model results. These estimates are intended to represent best
professional judgment regarding potenticl exposures. To obtain "more
probable” estimates of risk these estimated exposures ore applied to
conservative (health protective) estimates of the potency of PCBs for
causing health effects. Hence, even the “more probaoble™ risk estimates
involve use of health protective assumptions. "Worst case" estimates
are intended to provide plausible upper bounds to PCB exposures and
resulting potential risks to humans. These estimates are based upon
data from among the higher postulated exposure levels rather than more
likely levels; similar conservative approaches are used in estimating
dermal uptoke rates, bioaccumulation factors, ond other biological,
chemical and physical constonts. In addition, care is taken to moke the
analyses of the different clternotive actions comporable by using
identical or similar approaches and assumptions in evaluating each
remedial alternative, insofar as is appropriate. As o result, there
should be less uncertainty in estimates of relative levels of risk

between two alternative remedial octions than in estimates of absolute
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levels of risk. Details of the ossumptions and approaches used in
estimating human exposure and risk are fully discussed and documented in

the text of this document.

1.4.1. Exposure Assessment

Estimation of human exposure due to the presence of PCBs in
Waukegan Harbor and its vicinity is an involved process. It requires
assumptions regarding the specific procedures to be followed in the
remedial actions; it requires simulaotion and forecasting of the levels
of contamination in the different environmental compartments (air, the
water column, the underlying sediment, and fish) for the remedial
alternatives under consideration; and it requires judgments about human
behavior regording such activities as fishing, fish consumption, boating
activities, swimming, etc. Details of the approaches used in estimating

exposures are provided in subsequent chapters.

1.4.1.1. Environmentaol Modelling

Assessment of risk to humaon health and to the environment due to
the PCBs in Woukegan Harbor and its vicinity requires simulation and
forecasting of the levels of PCBs in the different environmental
compartments. Some of the possible routes of human exposure to PCBs are
dermal contoct, inhalation, drinking water, and ingestion of fish. PCBs
are known to accumulate in fish with the result that the concentration
of PCBs in fish exceeds that in the ambient water. 1In order %o 9oxamine

the response of PCB levels in water and fish to the two proposed
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remedial actions, a mathematical model was developed, calibrated and
applied to assess the fate (movement and longevity) of PCBs in the
Woukegan Harbor region.

The environmental model is used to estimate the distribution of
PCBs in the study area during and after the proposed cleanup activities.
The framework and parameters of the model utilized in these analyses are
very similar to those of previous modelling efforts funded by the EPA.
These efforts are reviewed in Chapter 5. From this base, the model
applications are expanded to include potential romifications of the two
proposed remedial actions. From these projections potential PCB loads
to the environment are estimated for each alternative.

The results of the investigations are divided into two categories.
These are steody-state, "long-term responses"; and "short-term" impacts.
Of primary concern is the impact of actions associoted with the process
of dredging and excavation that are proposed in the ROD or IPC remedial
alternatives. The projections of the average PCB distribution obtoined
by the model simulotions were utilized to estimote PCB levels in air, in
the water column, and in resident fish in the lake for both of the

remedial aiternctives.

1.4.1.2. Estimates of Human Exposure

According to the EPA Record of Decision, humans cre potentially
exposed to PCBs from the OMC site by several routes including: ingestion
of fish, inhaolation of volotilized ©CBs, drinking water, ond G variety

of recreational activities including boot washing and swimming. Each of
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these potential routes of exposure is briefly described in the following
paragraphs. The potential extent of exposure and the resulting risks
are evaluated for each of these exposure pathways.

Exposure through inholation: PCBs originating from the OMC site may

enter the air by evaporoting from water in the harbor and North Ditch
areas. Even though PCBs are relatively nonvolatile, the amounts of PCBs
at the site maoke air a source of potenticl exposure to the population in
the area. Using local meteorological date and output from the model for
volatilization loads from the harbor and North Ditch area, the movement
of airborne PCBs from the site is estimated through application of
atmospheric dispersion models.

Exposure through ingestion of fish: The potential of exposure to

PCBs from the OMC site through ingestion of fish is particulorly
important becouse fish are known to bioaccumulaote PCBs and the waters of
Lake Michigan near Waukegan ore heovily fished. Estimotes of PCB levels
in fish caught in and adjacent to Waukegan Harbor are used to estimate
exposure to those who consume these fish.

Exposure through dermal contact: Concern is expressed in the EPA

Record of Decision that persons might be exposed dermally to PCB-
containing sediments from the horbor. To evaluote the possible extent
of such exposure o scenario is evalucted in which persons are assumed to
be exposed through washing PCB-containing mud and silt from boats.

Exposure through drinking woter: The City of Waukegaon maintains an

emergency drinking water intake in Waukegan Harbor. Although this

intake is seldom used, it nevertheless is an integraol part of the water
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supply system. Should the city need to utilize the emergency intake,
PCBs from the harbor could be introduced into the drinking water system.
Historicol data on the frequency of use of the emergency water intake
and estimates of PCB woter concentration levels were utilized to
calculate exposure to persons drinking water from this intake.

Exposure through swimming: Exposure to PCBs during swimming could

occur through dermal uptaoke and through ingestion of PCB-containing
water. Estimates of total lifetime exposures are bosed on the assumption

thot o person swims regulorly near the public beach for 30 years.

1.4.2. Hazard Assessment

A thorough review of the PCB literature was conducted to identify
the potential health effects that PCBs might cause and to determine the
dose response relationships between exposure and effect. Included in
this review was the literature on human exposure to PCBs and potentiol
health effects from such exposure. Critical review of the available
studies in humans indicated that, due to contamination of the PCBs with
other compounds ond poor exposure informotion, the dato are unsuitaoble
for quantitotive risk assessment. Since definitive quantitative human
data on PCB toxicity are not available, assessment of the potential
hazards from PCB exposure is based upon onimal bioassay data. Available
mammalian toxicity data for PCB mixtures and for specific PCB compounds
were qualitatively described, critically reviewed, and summarized in a
separate Zncument. Types of heclth effects considered include carcino-

genic effects (cancer) and noncarcinogenic effects such as teratogenic
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Introduction

effects (birth defects or malformations), fetotoxic effects (olterations
in growth ond development of the fetus), other reproductive effects
(infertility or miscarriage), immunological effects, and a variety of
effects collectively refsrred to as systemic effects, which include
domage to the liver, the gastrointestinal tract, and the central nervous
system.

For each type of adverse effect {systemic, reproductive, terato-
genic, fetotoxic, or corcinogenic) the study thot demonstrates, toxico-
logically and statistically, the greatest toxic potential from exposure
to any PCB has been selected for maoking quantitotive estimates of risk.
In keeping with the "worst case" approoch, results of experimentol
studies are interpreted conservatively; for exomple, whenever there are
two plousible but conflicting interpretotions of experimental results,
the interpretation providing the highest potentiaol risk to humans is

generally used.

1.4.3. Risk Characterization

Risk characterization is the quantitative estimation, based upon the
dato evaluated in the hazard assessment step, of any increased risks to
human health from the exposures estimaoted in the exposure aossessment.
The first phase of risk charocterizotion is dose response assessment,
which involves determining quontitatively the relationship between
levels of exposure and the likelihood of resulting health effects.

In this Jdocument dose response curves for carcinogenic erfects

(cancer) are developed using the mathematical dose response model known
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Introduction

as the multistage model, which is the model used in EPA risk assessment.
Estimates based on this model are janeraolly regarded as "reasonable
upper bounds on risk" rather than precise estimates. For noncarcino-
genic effects, "no observable effect levels" (NOELs) that are derived
from onimal toxicity studies ore identified. The results of the dose
response assessment are combined with those of the exposure assessment
to arrive at quantitative determinotions of the potential risks to human
health from exposure to PCBs. For concer these take the form of esti-
mates of extra lifetime risk of concer from exposure to PCBs, and for
other health effects they are in the form of "margins of safety" that
compcre NOELs to estimated exposure levels. Further information on the
approaches to hazard assessment and risk chaoracterizaotion used in this
report are contoined in Chapters 2 (2.1.) and 6 (6.1.).

Comparative risk estimotes concerning the remedial alternatives
analyzed in this document are discussed in Chapter 8 and indicate that
the In-Place Containment alternative results in lower estimates of risk
to human health than the Record of Decision glternative. Further

gualification of this finding may be found in Chapter 8.
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2. Quantitative Assessment of Potency of PCBs

for Causing Various Health Effects

2.1. Introduction

Toxicity is defined aos any harmful effect caused by a chemical or o
drug on a target organism. Virtuclly every known chemical has the
potential to produce toxic effects if present in sufficient quantity,
and there is a wide spectrum of doses needed to produce minimal harmful
effects, serious injury or cdeath. Whether or not a toxic effect occurs
is dependent on the chemicol and physical properties of the agent, the
exposure situation, and the susceptibility of the biological system or
subject. To fully charocterize the potential toxicity of a chemicol,
informgtion about the nature of the exposure, the susceptibility of the
subject, the types of effects produced by the chemical, and the doses
required to produce those effects should be considered.

The critical factors in practicol situations depend not only on the
intrinsic toxicity of a substance, that is, the amount of substance
required to produce harm, but also the risk or hazard associated with
the use patterns. Risk assessment tokes into account possible harmful
effects on individuals or on society from the use of material in the
quantity and in the manner proposed.

In order to evaluate the risk from exposure to PCBs botn the expo-
sure conditions and the toxicity of PCBs must be assessed. Because
definitive dota in humans needed for risk assessment is not available

for PCBs, onimal bioassay daoto wcre used for hozard assessment in this
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Quantitotive Assessment of Potency of PCBs

document. Doto on the toxicity of PCBs to onimals in combination with
estimotes of human exposures are used to estimate the potential hozard
to humans. Such use of animal data is commonly made by EPA to ossess
hazards to humans from exposure to chemical agents. Therefore, the main
purpose of reviewing toxicity tests is to provide a data base that can
be used to assess the risk associoted with a defined exposure
circumstonce. The ideal case is one in which the agent, subject, and
exposure conditions used for the toxicity tests are identicol to those
which will be encountered in the defined expcsure circumstance. In most
cases there is a difference between the toxicity testing situation and
the "real world" situotion. Risk estimotion therefore requires some
extrapolation to predict the risk or hazard in exposure conditions not

covered by the dato base.

2.2. Potency Assessment Methods for Noncarcinogenic Effects

Estimotes of risk for noncarcinogenic health hazords are evolucted
by comparing the level of humon exposure estimated from the environ-
mental models or exposure scenarios with the "no observable effect
levels" (NOELs) derived from animal toxicity studies to arrive ot margins
of safety (MOS) for systemic, reproductive, fetotoxic, teratogenic or
immunologic effects. The MOS were calculated by dividing the NOEL in the
most sensitive species {(the highest NOEL in a single experiment that
resulted in the smollest NOEL from among experiments on various species)
by trne maximum estimated doily ruman exposure.

In controst, the ollowable doily intake (ADI) for a compound is

determined by dividing the NQOEL sstablished in animal toxicity tests by
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a "safety foctor™ or "uncertointy factor®™. Although the safety factor
for calculating ADIsS may vary from 10 to 100 to 1,000 or greater, a
safety factor of 100 is typically cpplied. The ADI refers to o human
dose, measured in specific units. that reflects the dose level at whicn
no adverse effects are expected to occur should humans be chronically
exposed at that dose. The MOS is not a measure of dose or "safe dose",
but rother, it is o ratio that denotes the relationship between the
maximum daily human exposure estimate and the NOEL derived from animol
studies. The MOS indicates the number of times lower (or higher) the
estimated human exposure is thon the animal NOEL. This procedure has
been used by others including the U. S. Department of the Interior
{1986).

The MOS for noncarcinogenic effects is generally calculated using a
NOEL established in chronic toxicity testing. The NOEL is on experi-
mental dose level {(generally in mg/kg/day) such that no significant
changes in any parometer evaluated were detected either at this level or
any lower dose level. The NOEL does not imply thot no adverse effects
occurred, but rather, within the limits of a specific study, no adverse
effects that were statistically different from those occurring in control
animols were observed. In the absence of chronic exposure tests,
particularly for systemic effects, a NOEL from subchronic tests may be
used. Zeilhuis and Van Der Kreek {1979) cite research by McNamara,
weil, aond others in support of the use of subchronic (3-6 months)
exposure tests for the determination of a NOEL. They state that many
toxic effects, such as abnormal alterations in body weight, organ

weight, liver and kidney pathology, blood chemistry, etc. are usually
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evident within three months or less of exposure. It should be noted
that o stotisticolly significant finding in a biological porometer does
not necessarily indicaote an irreversible or life-threatening adverse
effect. In the absence of an experimentally derived NOEL, the lowest
dose at which on effect occurred, the lowest effect level (LEL), may be
used.

The available mammalian toxicity data for each of the PCB mixtures,
such as Aroclor 1248 or 1254, aond for PCB isomers, such as 3,4,3' 4'-
tetrachlorobiphenyl were evoluated. Data on noncarcinogenic effects
were critically reviewed. For each type of adverse effect considered,
whenever possible, o NOEL and LEL werevdetermined for each of the

studies reviewed for each type of PCB congener tested.

2.3. Potency Assessment Results for Noncarcinogenic Effects

For each type of PCB and for each type of adverse effect, either
systemic, reproductive, fetotoxic, terotogenic, or carcinogenic, the
animal study that demonstrated the greatest toxic potential from
exposure to the polychlorinated biphenyl was identified. According to hd
the worst case philosophy, results of experimental studies were
interpreted conservotively; for example, whenever there were two
plausible but conflicting interpretations of experimental results, the
interpretotion implying the highest risk to humans generally was used.
For each noncarcinogenic effect, the lowest NOEL or LEL determined from
any study using any PCB formulation was selected for calculation of the
margins of safety. The studies selected and the NOEL usea in the

calculation of margins of sofety are identified in Table 2-1. Margins
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of safety calculated for noncarcinogenic effects ore presented in
Chapter 8.

Depending on the actucl data, o MOS of 100 or greater ﬁoy indicate
thot the humon dose is smoll (compared to the NOEL) and that the risk to
humans is likely to be negligible. The larger the MOS (the smaller the
estimated human exposure compared to the animal NOEL), the lower the
potential risk to human health. As the MOS approaches one {as the esti-
mated human exposure approaches the NOEL in animols), the likelihood of
risk to humans increases. The actual value of the MOS thaot would denote
a negligible risk to humans wil! vary with the quality of the experi-
mental dota from which the NOEL was derived. 1In most cases, o MOS
of 100 or greater (the estimated human exposure is at leost 100 times
lower than the NOEL) would indicate that the risk to humans at the
specified exposure would be minimal. The use of 100 os minimum value
for the MOS is a conservative comparison for the following reasons: the
"more probable"” estimoted human dose is based on data derived from
median exposure values and conservative assumptions, while the "worst
case"” values are derived from data and assumptions that provide the
highest estimotes; the NOELs in animals are derived from the most
sensitive species tested; and MOS compare generally brief (possible
single-day) human exposures to average daily animal exposures over g

lifetime chronic study or o 890-day subchronic study.

2.4. Potency Assessment Methods for Carcinogenesis
Historically, the NOEL-safety factor approach has been used to

assess risk with respect to both tcarcinogenic ond noncarcinogenic health
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effects. However, in recent years, estimating the risk of carcinogenic
effects has increasingly involved the use of mothematical dose response
models. This departure from the NOEL-saofety factor approoch has arisen
primarily because for many carcinogens it is considered possible that
any exposure, no matter how small, moy involve some risk. This concept
is thought particularly to be applicable to genotoxic carcinogens, that
is, carcinogens for which either the parent compound or a metabolite
interacts with DNA to initiote a cancer (Crump, 1985). It is now
recognized thot some chemicals may increase the incidence of cancer by
means other tha.. interacting with CWNA. Very low levels of exposure to
such "epigenetic" carcinogens are possibly without risk, although
absolute identification of a carcinogen as either "genotoxic" or "epi-
genetic" is not currently possible. Therefore, in the current aonalysis,
any level of exposure to a potential carcinogen will be considered to
pose some risk.

Consequently, in the present analysis estimates of cancer risk have
been obtained by fitting mathematical dose response models to cancer
biocassay data. The fitted models are then used to predict risks at
doses that humans might receive, which are typically much smaller than
the doses applied in the animal bioassays.

The multistage dose response model (Crump et al., 1977; Crump,
1984) is used in the present study. This model is widely used by
Federol agencies [e.g., the Environmental Protection Agency (USEPA,
1980), the Occupational Safety and Heaclth Administration (OSHA, 1983),
and the Center for Disease Control {(Kimbrough et al., 1984)] ond other

state and private groups to assess risk from low exposures to
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carcinogens. The multistage model embodies the assumption that no level
of exposure is completely safe aord consequently even a single molecule
theoretically could caouse cancer.

The multistage model of cancer was originolly developed by Armitage
and Doll (1961). It is based upon the concept that cancer originates in
c single cell and that several stages may be involved in the development
of a cancer. Exposure to a corcinogen increases the rate at which a
cell goes through one or more of these staoges.

The mathematical form of the multistage model is

P(d) = 1 - exp(-gp-qqd-...-qxdX)

where d is the averoge lifetime daily dose of the chemical in mg/kg/day,
P(d) is the probability of caoncer from the dose level d, and qg,....qk
are nonnegative parameters estimaoted by fitting the model to experi-
mental animol carcinogenicity data. The calculations involved in using
this model must be carried o@t by computer. An updoted version of the
program GLOBAL82 (Howe and Crump, 1982) was used for this purpose in the
present study.

The quantity of principal interest is not the absolute probability
of a cancer P(d), but raother the extra lifetime risk of cancer resulting

from exposure to a dose d. This risk is defined as

[pP(a)-pP(0)1/[1-P(0)],

ond may be interpreted as the probability of the occurrence of a tumor
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at o dose of d, given that no tumor would have occurr2d in the absence
of the dose.

At low dose levels, staotistical upper limits on risk estimctéd
using the multistage model are opproximotely given by qq"d, where qq1" is
the 95% statistical upper confidence limit on the porometer q4. Conse-
quently, upper confidence limits on risk ore simply proportional to the
dose level. This implies thot the use of these limits is roughly
equivalent to using a straight line drawn through the dato to predict
risk.

Although maximum likelihood estimates of risk obtained using this
model are thought to be quite uncertain, there is strong support for the
point of view that staotistical upper confidence limits are unlikely to
underestimate the risk from low exposures (Crump, 1985). Therefore,
these upper confidence limits are appropriaote for use in this analysis.
Such limits are applied widely by Federal agencies to set upper limits
to carcinogenic risks (USEPA, 1980, OSHA, 1983, and Kimbrough et al.,
1984).

Estimates of risk based on animal data must be made to apply to
humans. This step is performed by assuming that animal and human risk
are equal when doses are measured in milligrams per kilogram body weight
per doy (mg/kg/day). This approach has been applied by several groups,
including the Center for Disease Control (Kimbrough et agl., 1984) and
the Occupational Sofety and Health Administration (OSHA, 1983). On the
other hand, the Environmental Protection Agency Carcinogen assessment
Group typically assumes that risws are equol for animals and humans when

exposures are measured in milligrams per square meter surface arec per
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day (mg/mzldoy). This latter opproach normally gives a higher estimated
human risk than the mg/kg/day method. The mg/kg/doy approach is used in
this document because limited dota from chemicals for which both animal
and human data are avoilable suggest that this approach gives better
estimates of human risk than the mg/m2/day method (Crump et al, 1985).
Human doses in mg/kg/day are calculated by dividing total doses in mg/kg
by 25,500 days (70 years).

Frequently there are several dato sets from which risk estimates
can be developed; data may be available on more than one animol species,
on both maoles and females, and for several tumor types. When this is
the case risk estimates generally will be developed for the present
study from the data set that provides the highest estimates of risk
(specifically the data set for which the 95% statistical upper bound con
risk is the largest). This rule may be modified if the study giving the

highest risk is clearly toxicologically inferior.

2.5. Potency Assessment Results for Carcinogenesis

Potency estimates were derived for a total of twenty cancer data
sets from studies of Kimbrough et agl. (1975) [Aroclor 1260], Nationol
Cancer Institute (1978) (including daota from reevaluations of this study
by Morgan et gl., 1981 and Ward, 1985) [Aroclor 1254], Norback and
weltman (1985) [Aroclor 1260], ond Schaeffer et ol. (1984) [Clophen A60],
and various combinations of data from these studies using the methodology
described in the previous section. These estimates are shown in
Table 2-2. The value of 0.839 (mg/kg/day)~' wos selected for estimoting

risk in this assessment. This va.ue was derived from combined daota on
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total liver tumors in the Kimbrough et al. and Norback and Weltman
studies and was the highest statistical 95% upper limit on potency of
the twenty such potency volues calculoted (except that use of liver
tumors from the Norback and Weltman studies alone gave a slightly higher
potency than use of the combined dato).

For the relatively low exposures which are encountered in environ-
mental settings, the extra risk of cancer from PCBs is estimated by
simply multiplying the potency estimate of 0.639 by the lifetime average
dose of PCBs in mg/kg/day. For example, the estimated extra risk of
cancer from life.ime ingestion o° 0.0001 mg/kg/day PCBs is estimated as
(0.639)(0.0001) = 0.0000639, or 64 per million.

EPA (1983) estimated a potency volue of &4.34 [mg/kg/day]-1, using
the data of Kimbrough et al., 1975. This potency value is about seven
times higher than the value of 0.639 [mg/kg/dcy]'1. This difference is
due mainly to the fact that EPA used the body surface area method
{specificolly, mg/m2 body surface area/day) for converting doses from
onimals to humans rather than mg/kg/day. Dota on the correlation
between animal and human corcinogenicity data indicate that the
mg/kg/day approach applied herein generally provides more accurate
estimotes of human risk than use of mg/mzldoy (Crump et cl., 1985). A
more extensive analysis of onimel ond human data being performed by
K. S. Crump ond Co. for EPA supports this finding. Estimates of risk
provided in this analysis from specified exposures can be converted to
those that would result from applying the EPA approach by multiplying

the risk estimates by 4.34/0.638 = 6.8.
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The PCBs found at the OMC site are generally similar in chlorine
content to that of Aroclors 1242 and 1248. However, becouse of the lack
of dato on Aroclors 1242 and 1248, risk estimates were derived from
studies on Aroclor 1260, which is more highly chlorinated. In general,
PCB toxicity appears to vary with both the chlorine content and the
amount of isomers with a specific spatial configuration. In the only
study in which the carcinogenicity of PCB congeners was directly
compared, Clophen A60 (comparable to Aroclor 1260 in chlorine content)
and Clophen A30 (comparable to Aroclor 1242) were tested. ¢ '-2sure to
Clophen A60 resulted in a significant increase in liver cancers, while
exposure to Clophen A30 did not significantly increase liver cancers.
Since the risk estimates utilized in the assessment are based on the
carcinogenicity of Aroclor 1260, they moy overestimate the carcinogenic

risk from the PCBs ot the OMC site.
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Table 2-1

Summary of Lowest No Observed Effect
Levels (NOELs) for Noncarcinogenic Effects

Type of Effect (mg/kg/day)
Systemic Reproductive Teratogenic Fetotoxic Immunologic

0.10 0.033b 0.167b 0.017b 0.087¢

OMcNulty, W. P. (1976). Primate study. Proceedings of the National
Conference on Polychlorinated Biphenyls. Sponsored by U. S.
Environmental Protection Agency.

Bell, M. (1976). Ultrastructural features of gostric mucosa and
sebaceous glands after ingestion of Aroclor 1242 by Rhesus monkeys.
Proceedings of the National Conference on Polychlorinated Biphenyls.
Sponsored by U. S. Environmental Protection Agency. pp. 334-335.

ballen, J., Barsotti, D., Laombrecht, L., and Van Miller, J. (1979).
Reproductive effects of halogenated aromatic hydrocaorbons on non-human
primates. Annals of New York Acaodemy of Sciences 320:419-425.

CThomas, P. and Hinsdill, R. (1978). Effect of polychlorinoted

biphenyls on the immune responses of Rhesus monkeys and mice.
Toxicology and Applied Pharmacology &4:41-51.
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Table 2-2

Cancer Potency Estimotes Based on the Multistage Model

Data Set Potency Estimates Extra Risk at 10-6
{mg/kg/day]~? 95% Lower
q1 91" p-value MLE Limit

1. N/W9: female,
‘ liver carcinoma 1.24E-1 1.78E-1 ~1 8.05E-6 5.62E-6
2. N/W: female, liver

adenocarcinoma 1.71E-1 2.37E-1 ~1 5.84E-6 4 .21E-6
3. N/W: female, liver

neoplastic nodules 5.48E-3 2.38e-2 ~1 1.82E-4 4.21E-5
4. N/W: female, liver

totol tumors 7.52E-1 1.09€0 ~1 1.33E-6 9.15€-7
5. N/W: female,

cholaongioma 1.78E-1 2.51E-1 ~1 5.62E-6 3.98E-6
6. N/W: male, liver

neoplastic nodules 2.76E-2 5.32E-2 ~1 3.62E-5 1.88E-5
7. N/W: male, liver

totol tumors 3.986E-2 6.96E-2 ~1 2.53E-5 1.44E-5
8. N/W: male,

cholangioma 8.70E-2 1.38E-1 ~1 1.15E-5 7.25E-6
9. NCIP: male, liver

carcinoma/adenoma 2.77E-2 7.77€-2 0.87 3.61E-5 1.29€E-5
10. NCIP: female, liver

carcinoma/adenoma 2.49E-2 4, 79E-2 0.25 4. 02E-S 2.08c-5
11. NCIP: male/female,

liver carcinomo/

adenoma 2.29€E-2 5.58E-2 0.41 4.36€E-5 1.79E-5
12. NCIC: male/female,

gastric odeno-

carcinoma 1.46E-2 2.67E-2 0.45 6.84E-5 3.74E-5
13. NCI: male,

all malignancies 0 1.35€E-1 0.18 6.61E-3 7.40E-6
14. NCI: female,

all maolignancies 4 .05E-2 1.23€-1 0.03 2.47€E-5 8.12E-6
15. NCI: male/female

all molignancies 7.54E-2 1.25E-1 0.79 1.33E-5 7.97E-8
16. Kimbroughd: femole,

liver carcinoma 2.93E-2 4. 04E-2 ~1 3.41E-5 2.48E-5
17. Kimbrough: female,

liver neoplastic

nodules 3.15E-1 3.66E-1 ~1 3.17E-6 2.73E-6
18. kimorough: female,

liver total tumors 5.14E-1 6.06E-1 ~1 1.95E-86 1.65E-86
18. N/W & Kimbrough®:

femole, liver totaol

tumors 5.50E-1 6.39E-1 0.14 1.82E-6 1.957E-6
20. Schaefferf: male,

liver total tumors 4.03E-1 L. B81E-1 ~1 2.48E-6 2.08E-6
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Table 2-2 (continued)

Cancer Potency Estimates Bosed on the Multistage Model

Norback, D. H. ond Weltmon, R. H. (1985). Polychlorinoted biphenyl
induction of hepatocellular carcinoma in the Sprague-Dawley rat.
Environmental Health Perspectives 1:134-143.

National Cancer Institute (1978). Bioaossaoy of Aroclor 1254 for
possible carcinogenicity. CAS No. 27323-18-8. NCI-CG-TR-38.
Reevaluated by: Ward, J. M. (1985). Proliferative lesions of the
glaondular stomach ond liver in F344 rots fed diets containing
Aroclor 1254. Environmental Health FPerspectives 60:89-95.

Naotional Cancer Institute (1978). Bioassay of Aroclor 1254 for
possible carcinogenicity. CAS No. 27323-18-8. NCI-CG-TR-38.
Reevaluated by: Morgan, R. W., ward, J. M. ond Hortman, P, E.
(1981). Aroclor 1254-induced intestinal metaplaosio ond cdenocar-
cinoma in the glandular stomach of F344 rats. Cancer Research
41:5052-5059.

Kimbrough, R. D., Squire, R. A., Linder, R. E., et ol. (1975).
Induction of liver tumors in Sherman strain female rats by poly-
chlorinated biphenyl Aroclor 1260. Journal of the Notionol Cancer
Institute 55(6):1453-1459.

Combination of dota from Norback and Weltman (1985) and Kimbrough
et al. (1975).

Schoeffer, E., Greim, H., and Goessner, W. (1984). Pathology of

chronic polychlorinoted biphenyl feeding in rats. Toxicology and
Applied Pharmacology 75:278-288.
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3. Assessment of Fish PCE Levels, and the Numbers

of Fishermen and Their Catch in Lake Michigan

3.1. Introduction

In 1871, o U. S. Environmental Protection Agency study discovered
elevated levels of PCBs in Loke Michigan fish. Concentrations of 15 ppm
in lake trout were found, and concentrations in excess of the then S5 ppm
FDA standard were detected in trout and salmon greater than twelve
inches in length.

The U. S. Food and Drug Administration (FDA) established o
temporary tolerance for PCB concentrations in fish and shellfish of 5
ppm in 1973. The interstate transport of fish conteining PCBs greater
than 5 ppm in the edible portion was also prohibited. In 1977, the FDA
proposed o new tolerance limit of 2 ppm. This new limit was finally
established in August of 1984.

After the initial discovery of PCBs in Lake Michigaon fish, numerous
government agencies started monitoring PCB concentrations in important
fish species. The states of Illinois, Indiana, Michigan, and Wisconsin,
as well aos the Federal Government began monitoring programs.

By the lote 1970s it was generally accepted that the PCBs bioaccum-
ulote in direct correlotion with fish age when the PCB water concentra-
tion remains constant. Not only do PCBs bioaccumulote in the fatty
tissue of the organisms thot consume them, they also biomagnify in the
food chain, that is ot each step in the food chain, from microcorganisms

to fish to man, the PCB concentrotions increase.
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Studies of laoke trout and coho salmon conducted between 1972 and
1974 found PCB levels between 7 and 20 ppm. Based on these elevated
levels when compored to the FDA tolerance of 5 ppm, severcl states, ot
that time, banned or restricted the sale of certain fish.

A large number ond voriety of fish have been caught in Lake
Michigan (see Figure 3-1). However, since only a few species of fish
are caught ond consumed in large numbers, this analysis will focus only
on those fish categories. Fish from the whitefish, bloater, and lake
herring groups (coregonid fishes) are historically the least ~~~taomi-
nated fish in the lake. Meon PCB levels for this fish group were 2 ppm
in 1979. In addition, this fish group is insignificant to sport fishery
and is considered rare in Lake Michigan. Even though bloaters are not
analyzed in this report, they are particulorly useful for contaminant
evaluation os they are essentially nonmigratory and reflect local
contaminotion conditions.

Young yellow perch are zooplankton feeders, whereas adults eat
sculpins, smelt, amphipods, chironomid larva and leeches. The bulk of
fish caught in coastol waters in Illinois is the yellow perch. The
yellow perch nlso hove historically low PCB levels, and 1984 data
indicote levels from 0.1 - 0.39 ppm. Yellow perch ore a popular
commercial fish ond are carefully monitored for PCBs in interstate
commerce. For this reason, the yellow perch are not included in this
analysis.

Lake trout are used in this analysis, since they provide an esti-
mate of contaminotion levels in o long lived predatory species which is

also essentially nonmigratory, although they have been reported to
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travel distances of over 100 miles. The lake trout contain more fat
than the solmon, and combined with their long life (up to 20 years), and
feeding patterns, reported PCB contamination levels are the highest of
any Loke Michigan fish. The loke trout hove been monitored for PCB body
burdens since 1970, ond onalysis of this doto indicotes o decline from a
maximum of 22.9 ppm in 1974 to 5.63 ppm in 1983 (DeVoult, 198%) (see
Figure 3-2).

Salmon were chosen for study becouse of their populority es a sport
fish, rapid growth rate, ond migratory behavior. Solmon move cbout the
nearshore and open water areas while maoturing ond are exposed to contom-
inants from numerous sources. The salmon is a fast growing terminal
predator, consuming large quantities of alewife and other forage fish.
They accumulate PCB through direct absorption from the water oﬁd from
their food chain. Their three-year life span provides an indication of
current contamination conditions. Veith (1975) found coho solmon rCB
levels as high as 17.3 ppm in fish captured in 1971, but by 1980, PCB
levels had dropped to below the FDA limit of 2 ppm (DeVault, 1985). The
PCBs detected in 1980 coho salmon most closely resembled Aroclor 1254,

There have been numerous ottempts to model the reduction of PCBs in
fish tissue (Rodgers and Swoin, 1983), ond to assess trends in PCB
contomination in fish flesh (Devault aond Weishoor, 1984 ; DeVault, 1885).
Rather than using these historical trends or modeling to ossess the PCB
levels, the most recent data on fish contamination were collected and
analyzed and used in this analysis. It is of interest to note thot many
of the models and historical trends predicted PCB levels more elevoted

in the out years than is actuaglly tne case.
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3.2. Waukegaon Harbor

Over o period of yeors, efforts were undertaken to copture fish in
Waukegan Harbor in hopes of assessing the effects of the harbor on fish
PCB contamination. In 1978 (USEPA, 1978), the EPA could only produce
samples in two areas of the horbor, ot the municipal park shoreline and
in Slip #3. Of the fish tcken in 1978, none were of the sport fish
variety of interest here. However, a black crappie and a minnow had
PCB levels in excess of 30 ppm. Again in 1979 (USEPA, 1979), only two
oreas could be found where fish could be obtained, agoin the municipal
park shoreline ond Slip #3, and agoin no sport fish of interest were
included in the fish caught. In that study PCB levels in carp were
reported greater than 30 ppm. |

On September 26, 1980 (USEPA, 1980), eight fish were caught in
Waukegan Harbor, a rainbow trout, carp, largemouth bass, and 5 yellow
perch. The carp and bass PCB levels were reported as 131 and 187.4 ppm,
respectively. However, on August 14, 1981 (USEPA, 1981), 10 alewives, 3
carp, 2 suckers and 3 yellow perch were captured and analyzed. In that
study the carp had an average PCB value of 27.9 ppm, thus it is likely
that there was an error in the analysis of the 1980 sample. It is
interesting to note that the only "sport" fish PCB data from the harbor
were one rainbow trout captured in 1980, and eight yellow perch captured
in 1980 and 1981. The PCB level for the trout was 2.0 ppm, and for the
perch, 34.0 ppm in 1980, and 1.41 ppm in 1981. Again the data disparity
causes suspicion of the 1980 data. It is possible that the sport fish

of interest here seldom, if ever, enter Waukegan Harbor.
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3.3. Fish Daota Analysis

Fish PCB contamination data were gathered from the Illinois
Environmental Protection Agency and the Department of Conservation,
the Michigan Department of Agriculture, the Indiana Department of
Natural Resources, and the Wisconsin Department of Notural Resources.
Some 1885 daota were available, however, 1884 data were more complete in
terms of states reporting and fish available for analysis, and conse-
quently 1984 data were chosen for use in this effort. Tables 3-1
through 3-4 provide the raow dota from these states.

A recent study of eight solmonid species was conducted by Mosnado
for the Lake Michigaon waters in Wisconsin (Masnado, 1985). This study
was conducted to determine stotisticolly accurate levels of PCBs in an
effort to determine ony spaticl ond/or seasonal variation,

For this study, the loke was divided into two discrete basins and
Green Boy. The southern basin extsnds from Sheboygan south to Kenosha
and includes the major tributory streoms of Sheboygan, Milwoukee, and
Root Rivers. The northern lake basin stretches from Washington Island
to the town of Cleveland in Sheboygan County. The small tributary
streams of Reibolts, Heins, aond Hibbards gre included in this basin, as
well as mojor tributaries of Ahnapes, Kewaunee, East aond West Twin and
the Manitowoc rivers. The Green Bay woters extended from Washington
Island to Green Bay. In our analysis, here, the Green Bay region is not
considered because of its physical separation from Lake Michigan’'s main
basin. The daota used here include: for brook trout, the northern,

southern and Sheboygan River zone (Tobles 3-S5, 3-6, and 3-7); for
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roinbow trout, the main lake basin and the Sheboygon River (Tobles 3-8
and 3-9); for coho salmon, the maoin lake basin (Table 3-10); for the
lake trout, the main lake basin (Table 3-11); for the brown trout, the
main lake basin ond Sheboygan River (Tables 3-12 and 3-13); and for
chinook salmon, the northern and southern zone (Tobles 3-14 and 3-15).

Note that only two states provide data for the yellow perch,
Indiana (3 fish) and Illinois (1 fish). Because of the poucity of data
and the foct that the yellow perch has had historically very low PCB
levels, they were excluded from this analysis. Since Illinocis 1984 data
were limited, 1985 data were added to increase the sample size.

These dota were analyzed and mean PCB volues for each region were
agssessed. Table 3-16 shows those values. These data were included with
the state data of Taobles 3-1 through 3-4 and total mean PCB concentra-
tions by fish species by stote ore shown in Table 3-17. Note that the
PCB level for loke trout was 3.72 ppm for 1984. Referring to Figure
3-2, this level is consistent with that predicted by the decay curve
calculated by DeVault (1985).

For this analysis the fish data were aggregoted by salmon and trout
family. The trout is a long lived fish ond is less migratory than the
salmon. Trout data should represent loke conditions over a longer
period of time and more locol conditions, whereas the salmon, a short
lived fish, is migratory, and should represent current PCB contamination
levels, and integrotes the lake exposures.

The average PCB levels were calcuicted for eoch fish family by
state, and the data aggregated. For exaomple, the average PCB concentra-

tions for trout can be calculated by the following equation:
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PCB x species = T (species) (x species)/total # fish.

Thus for Wisconsin,

PCB x trout = [(122)(2.18) brown trout + (50)(1.06) rainbow trout
+ (147)(3.64) loke trout

+ (42)(1.26) brook trout]/361 = 2.51 ppm.

Table 3-18 arrays these data for both trout ond salmon.

The average PCB concentration for 495 trout in Lake Michigon is
2.60 ppm with a range of (0.13 - 20.0) ppm. For 442 salmon the PCB
average concentration is 1.14 ppm with o range of (0.02 - 5.04) ppm.

The Masnado (1985) dota can be anolyzed for the relationship
petween fish size (length) and PCB concentration. There is a signifi-
cant relotionship between length and concentrotion for the brook, lake,
and brown trout, and both the coho and chinook salmon. There was not a
significant relationship between length and PCB concentration for the
rainpow trout, however, all vaolues were below the FDA limit of 2 ppm.
Table 3-20 shows the fish leﬁgth required to reach the FDA limit of 2

ppm for this dato set.

3.4. Populations of Lake Michigan Fishermen and Sport Fish Caught
Table 3-19 arrays data for the number of fishermen who fish Loke
Michigan, the angler days spent in Lake Michigan, and the total number

of trout and salmon caught in the .ake. The number of fishermen who
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Loke Michigan waos estimated by voriOus_meons, For Michigon, the
Fisheries Division of the Michigon Deportment of Natural Resources
estimoted the Lake Michigan fishing effort ond porticipotion by Michigan
licensed anglers (Jamsen, 1985). In 1981 there were 2,637,000 angler
doys and 349,000 anglers, or each ongler spent 7.55 average daoys fishing
in Lake Michigan for all species of fish contained within the lacke.

Michigan has stopped estimaoting the fish cotch dato, but there are
data ovailable from the 1974 Michigon Department of Natural Resources
Annugl Sport Fishing Survey. From that survey, 381,000 fishermen caught
1,874,320 trout and salmon. Therefore, if we assume that the same
rotios hold in 1981 as in 1974, then we can estimate the 1981 catch as
1,705,631 fish. Jomsen estimated that salmon accounted for 69% of the
Great Lokes open-water salmonid catch with nearly equal numbers of coho
ond chinook salmon represented. Lake trout, steelhead, and brown trout
accounted for 19%, 7%, and 5% of the total, respectively. Using these
stotistics, estimates of 528,700 trout and 1,176,800 salmon taken in
1981 by Lake Michigon fishermen, con be projected.

Data for the Staote of Wisconsin were received from Michael Hanson
of the Wisconsin Department of Natural Resources. Mr. Hanson provided a
table on Wisconsin's Loke Michigon Sport Fishery Summary, 1969-1985.
From that table, 3,777,572 angler hours were consumed in fishing for
trout ond salmon. Mr. Hanson estimated the number of licensed fishermen
for Lake Michigan in the state of Wisconsin aos 229,893 although he
indicaoted thot this number was incomrplete. Bosed on Hanson's estimote
of licensed fishermen in 1882-1985, 240,000 Loke Michigan fishermen con

be projected. 1In a phone conversation with Mr. Hanson, he suggested
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using o &4-hour fishing day to convert angler hours to angler daoys. This
conversion yields 944,000 angler days for Wisconsin fishermen.

Data for Indiona were obtained from a creel survey (Meade, 1984).
Exponded dato representing four types of sport fishing (boat, shoreline,
warm water discharge, and stream) were combined to obtaoin o summary of
sport fishing octivity monitored May through December, 1984, A total
fishing effort of 735,734 angler hours (183,900 angler days using Hanson
estimaote) produced 276,810 fish. The total harvest consisted of 177,681
yellow perch (64.2%), 34,224 steelhead (12.4%), 29,946 coho (10.8%),
29,109 chinook (10.5%), 3,585 lake trout (1.3%) and 2,265 brown trout
(0.8%).

For Illinois (Baur and Rogers, 1985) there ore 1,351,901 total
onglers who fish in Illinois woters, including the waters of Lake
Michigan. Anglers in Illinois fished a total of 40,093,005 angler days,
ond of those total fishing days, 3,569,242 were in the waters of Lake
Michigan. The number of days fished per angler is 29.7, however,
because of the expense of fishing in Lake Michigan, the days fished per
angler will likely be less. From the Baur and Rogers report, there is
no direct way to estimote the number of fishermen from Illinois who fish
in Lake Michigan. 1In order to estimate this number, we have assumed
that the average angler days on the lake is similar to those for the
other three states, and have estimated that 634,000 fishermen from
Illinois fish in Lake Michigan. The number of fish caught in Lake
Michigan is token directly from the Baur and Rogers report, that is
585,800 trout and 1,075,000 salmon. Baur and Rogers caution thot the

number of fish caught wos probobly overestimated by fishermen.

-36-



ish PCB Levels

Assuming there are 1,257,000 fishermen who fish Laxe Michigan, we

can estimate the population who eot fish from the lake. In concert with

Humphrey (1976) we have assumed thaot each fisherman shares his catch
with two other people. Thus the fish eating populction becomes

3,771,000 people.

3.5. Pounds of Fish Consumed in an Average Diet
The pounds of fish caught in Lake Michigan were estimated by the

following equation:

pounds fish « (# trout)(averoge weight) + (# solmon)(average weight).

From Table 3-19 there are 1,347,000 trout ond 2,804,000 salmon. The

average weight of trout and saolmon is calculoted using the following

equation:

Wgt species = £ (# fish)(average weight fish)/total fish

and for trout,

wgt species = (# brook trout)(averoge weight)

+ (# brown trout)(average weight)

+

where the cverage weights and fish catch ore taoken from Wisconsin data.
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wWgt trout = 6.8 lbs

wgt trout « 9.8 1bs.

Thus the pounds of fish caught in Loke Michigan is as follows:

pounds fish = (# trout)(overage weight) + (# salmon)(overaoge weight)
= (1,347,000)(6.8) + (2,804,000)(9.8)

= 36,638,800 1bs fish.

Since there are 3,771,000 consumers, each consumer has access to 9.72
pounds of fish per year. Again Humphrey (1976) used a 15% loss in total

fish weight to orrive at an edible portion of 8.26 pounds.

3.6. PCB Losses in Cooking Lake Michigaon Fish

There have been a variety of studies thaot assessed the reduction in
PCBs when cooking Lake Michigan fish. 2obik et al. (1979) have found
quantitatively, fat losses of 53%, 34%, and 26% when fish were prepared
by broiling, roasting or microwave cooking. These data were specifi-
caliy for lake trout which have high lipid content. The less fatty
salmon possibly would have even greoter extraction efficiencies;
however, loke trout daota were used to reduce PCB levels in salmon
through cooking. Assume that fish eaters cook their fish equolly by
broiling, roasting or microwave cooking, then using Zabik et al. data,
the PCB concentrations can, on the average, be reduced by a roctor of

1.65, with an attendant reduction in trout and salmon PCBs as follows:
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trout (2.60)/(1.65) = 1.58 ppm

solmon (1.14)/(1.65) = 0.72 ppm.

3.7. Fish Diet PCB Dose

The total catch of sport fish in Lake Michigon is 9,159,600 pounds
of trout and 27,479,200 pounds of salmon. Assuming that the averoge
consumer eats fish in the same ratio as they are caught, for the averaoge
Loke Michigan fish eater o total year average dose of PCB from eating
fish co- "~ colculoted. That dose is based on eating 7.5 1lbs of fish
(3.41 kg) (0.85 kg trout and 2.55 kg of salmon).

The yearly averoge dose equals

dose = T (pounds fish eater)(x PCB)
- fish

= (0.85)(1.58) + (2.55)(0.69) = 2.90 mg PCB,

the yearly dose for the aoverage eater.

For the average eater, a yearly dose in mg/kg/day can be calculated

(2.90 mg)/70 kg body weight = (0.0414)/365 days
= 0.00011%4 mg/kg/day, or

0.114 ug/kg/day,

below the WHO accepted daily intoke level of 1 ug/kg/doy.
Even for heavy fish eaters, 47 1lbs (21.4 kg) (Humphrey, 1976) the
average daily dose is:

(5.35)(1.58) + {16.05)(0.69) « 19.52 mg/year
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or 0.279 mg/kg using a 70 kg persoa, or

(0.279)/365 days) = 0.000764 mg/kg/day, or 0.764 ug/kg/day,

again well below the WHO level.

.
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Table 3-1

Illinois 1985 and (1984) Fish Dato PCB in ppm

Lake Rainbow Brown Yellow Coho Chinook
Trout Trout Trout Perch Salmon Salmon
LKTR RBTR BRTR YEPR cOosM CNSM
0.36" 0.27 0.34" (0.10) 0.86 0.66"
0.18" 0.33" 0.46" 0.10 0.10 0.48"
0.37* 0.26 0.53* 0.10 0.42"
(0.76)" 0.37 0.81" 0.24 0.28
(1.01)" 0.13 0.77* 0.45 1.30
(0.55)" 0.32 1.08" 0.12 0.96
0.54 (0.13) (0.38) 0.83 0.49
(0.26) (0.26) 0.39 1.04
0.26 (0.72) (0.41)
(0.28) (0.54)
(0.92) (0.27)
(0.37) (0.49)
(1.03) (2.28)
(1.08) (0.23)
(0.81) (0.80)
(0.58) (0.75)
(0.79) (1.20)
0.66 (1.04)
(0.95)
(1.27)
(1.74)
(0.15)
(2.52)
(0.43)
(1.04)
(0.26)
(0.12)
0.87

*Waukegan Harbor vicinity.
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Table 3-2

Indiana 1984 Fish Data PCB in ppm

Laoke Brown Steelhead Yellow Coho Chinook
Trout Trout Trout Perch Salmon Salmon
# PCB # PCB # PCB # PCB # PCB # PCB
5 6.5 4 2.44 5 1.05 1 5 0.75 S 1.39
5 6.67 5 3.80 5 0.36 1 0.156 5 0.143 5 0.74
5 20.0 5 3.08 5 1.22 1 0.39 5 1.66 5 1.77
5 11.5 3.34 0.88 0.22 5 0.313 5 2.10
11.16 5 1.25 5 2.38

4 1.16 5 2.39
5 0.73 5 1.74
5 0.87 "5 1.82
5 0.81 5 2.1
0.85 5 5.04

s 2.71

2.20
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Table 3-3

Michigan 1984 Fish Data PCB in ppm
Skin On/Off “~nlysis

Coho Chinook King Lake Trout

Skin PCcB Skin pPCcB Skin PCB Skin PCB Skin PCB
on 1.30 on 0.85 on 0.71 off 1.20 off 1.35
0.88 0.52 0.22 1.00 2.18
1.94 0.88 0.31 1.10 4.30
1.45 1.70 0.23 1.50 2.55
1.99 1.87 0.24 2.72 1.27
1.52 1.25% 0.18 1.25 1.59
1.21 * S8 of f 0.66 0.70 1.01
0.35 1.85 0.51 0.90 0.99
off 0.51 of f 0.61 0.20 3.70 0.86
0.14 0.30 0.31 2.49 1.42
0.30 0.32 0.13 1.08 2.20
0.73 0.61 0.83 0.91 1.53
1.21 0.20 on 0.45 1.75 1.65
3.06 0.01 0.62 0.75 1.33
0.64 on 1.26 1.07 0.87 2.88
0.81 1.33 0.99 0.77 1.40
0.48 1.48 0.37 2.95 1.11
0.20 0.93 0.70 1.45 0.76
0.80 1.35 of f 1.13 1.14 0.64
1.96 1.11 0.68 0.89 1.08
1.07 of f 0.04 0.78 1.12 0.66
0.02 0.80 0.75 0.83
0.02 0.7 0.60 0.64
0.02 0.82 0.66 0.93
0.11 0.58 0.93 1.53

0.05 0.82

0.78 1.83

0.45

0.37

0.96
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Table 3-4

Wisconsin 1984 Fish Data PCB in ppm.

Rainbow Brown Coho Chinook
Trout Trout Salmon Salmon
# PCB # PCB # PCB # PCB
1 1.1 1 3.5 1 0.55 1 4.3
1 0.25 2 4.0 1 0.58 1 3.2
1 1.20 1 5.2 1 0.72 1 2.0
1 0.20 1 3.7 3 0.30 1 1.6
0.69 1 2.5 3 0.24 1 1.7
1 7.5 3 0.29 1 2.6

1 2.0 3 0.32 1 2.8
1 1.6 1 0.40 1 1.0

1 1.4 1 0.40 1 0.73

1 1.3 5 0.28 1 0.90

2 1.4 5 0.21 1 1.60

2 3.7 1 1.10 1 0.20

2 3.0 1 1.20 2 0.30

2 1.2 1 0.70 1 3.60

3 1.6 1 0.30 1 1.50

1 1.7 1 0.45 1 3.50

1 1.5 1 2.30 1 3.50

2.64 1 1.80 1 2.10

1 0.95 1 2.70

1 0.40 1 1.70

1 0.58 1 3.60

1 0.72 1 3.60

5 1.30 1 1.60

5 0.85 1 1.30

4 1.30 1 2.60

0.67 2.18
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Table 3-5

1985 Lake Michigan Salmonid PCB Data

Northern Zone
Brook Trout

__Waterbody Location Date Wt Kilo Wt 1b Lngth CM  Lngth IN PCT Fat  PCB
Lake Michigan Claybnk Shl 10/22/85 0.26 0.57 29.6 11.65 2.60 0.27
Lake Michigan Baileys Hoar 05/30/85 0.40 0.88 31.0 12.20 4.20 0.50
Lake Michigan  Baileys Har  07/16/85  0.55 1.21 34.4 13.54 4.70  0.52
Lake Michigan  Claybnk Shl  10/22/85 0.59 1.30 35.5 13.98 4.90 0.38
Lake Michigan Boileys Har 04/07/85 0.65 1.43 36.0 14.17 6.20 0.74
Lake Michigan Baileys Har 07/17/85 0.70 1.54 37.3 14.68 7.40 0.94
Laoke Michigan Hibbards Cr 06/17/85 0.70 1.54 37.5 14 76 7.20 0.40
Laoke Michigan Sturgn Bay 05/07/85 0.66 1.45 38.1 15.00 5.60 0.38
l.ake Michigan Boileys Har 08/16/85 0.88 1.94 39.3 15.47 6.50 1.)0
Loke Michigan Baileys Har 08/16/85 0.77 1.69 40.6 15.98 4._30 0.96
Lake Michigan Baileys Har 07/12/85 42.8 16.85 6.60 1.30
Lake Michigan Baileys Har 07/11/85 1.18 2.60 43.4 17.09 6.20 0.89
Lake Michigan Baileys Har 07/12/85 1.05 2.3 43.6 17.16 8.50 1.10
Laoke Michigan Baileys Har 07/12/85 44 .5 17.52 7.40 0.75
Lake Michigan Baileys Har 07/11/85 1.40 3.08 45.3 17.83 6.00 0.78
Lake Michigan Baileys Har 07/17/85 1.30 2.86 45.3 17.83 6.30 0.97
Loke Michigan Baileys Har 07/11/85 1.35 2.97 46.3 18.23 6.40 0.80
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Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
Sheb
sheb_

Table 3-6
1985 Lake Michigon Salmonid PCB Data

Sheboygan River Zone
Brook Trout

Waterbody

WV LIVITTDDVDXIDDDRND

Location Date Wt Kilo Wt lb Lngth CM Lngth IN PCT Fat PCB
Sheb Hurbor 06/19/85 0.20 0.44 25.5 10.04 4.50 1.70
Sheb Harbor 06/19/85 0.20 0.44 25.5 10.04 4.20 2.00
Sheb Harbor 06/19/85 0.3 0.68 26.0 10.24 4.90 2.30
Sheb Harbor 06/19/85 0.21 0.46 26.0 10.24 4.70 2.90
Sheb Harbor 06/19/85 0.22 0.48 26.5 1.43 4.90 1.40
Sheb Horbor 06/19/85 0.26 0.57 26.5 10.43 6.50 2.00
Sheb Harbor 06/19/85 0.27 0.59 28.2 11.10 3.10 0.53
Kohler Dom 09/16/85 0.30 0.66 28.2 11.10 1.50 0.78
Sheb Harbor 06/19/85 0.31 0.68 28.5 11.22 4.40 0.90
Sheb Harbor 06/19/85 0.29 0.64 28.5 11.22 3.80 0.75
Sheb Harbor 06/19/85 0.30 0.66 28.8 11.34 2.70 0.29
Sheb Harbor 06/19/85 0.33 0.73 30.0 11.81 6.00 1.90
Kohler Dam 09/16/85 0.29 0.64 31.0 12.20 1.70 2.60
Kohler Dam 09/16/85 0.37 0.81 32.5 12.80 2.80 3.80
Kohler Dam 09/16/85 0.35 0.77 32.5 12.80 2.60 0.73
Kohler Dom 09/16/85 0.43 0.95 33.0 13.00 3.10 3.00
Kohler Dam 09/16/85 0.51 1.12 35.8 14.10 1.80 1.60
Kiwonis Pk 09/25/85 1.00 2.20 40.0 15.75 3.10 4.00
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“Vaterbody

Laoke
Lake
Lake
Lake
Lake
Lake
Lake

Michigan
Michigan
Michigan
Michigan
Michigan
Michigan

Michigan

Table 3-7
1985 Lake Michigan Salmonid PCB Data

Southern Zone
Brook Trout

Location Date Wt Kilo Wt 1b Lngth CM__ Lngth IN PCT Fat PCB _ LIMIT
Grid 1901 04/25/85 0.06 0.13 20.9 8.23 2.60 0.77

Grid 1901 04/25/85 0.13 0.29 24.0 9.45 5.00 0.10 <QUANT.
Grid 1901 06/27/85 0.30 0.66 27.1 10.67 4.70  1.20

Grid 1901 06/27/85 0.29 0.64 27.1 10.67 5.10  1.40

Grid 1901 06/27/85 0.24 0.53 27.8 10.94 5.00 1.20

Grid 1901 06/27/85 0.31 0.68 28.8 11.34 3.10  0.97

Grid 1901 07/03;85  0.45 0.99 32.0 12.60 5.10  1.40
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Table 3-8
1985 Loke Michigan Salmonid PCB Data

Main Lake Basin Zone
Rainbow Trout

Waterbody Location Date Wt Kilo Wt 1b Lngth CM__ Lngth IN PCT Fat PCB _ LIMIT
Root R Sixth St 10/16/85 0.19 0.42 25.9 10.20 2.50 0.484
Root R Sixth St 10/16/85 0.28 0.62 27.8 10.94 5.10 1.30
Root R Sixth St 10/03/85 0.58 1.28 35.1 13.80 5.70 0.82
Root R Sixth St 10/16/85 0.56 1.23 35.4 13.94 6.00 0.45
Twin West Two Rivers 04/18/85 0.60 1.32 38.5 15.16 6.90 0.52
Root R Sixth St 10/03/85 0.74 1.63 39.4 15.50 7.40 0.10 <QUANT.
Twin West Two Rivers 04/18/8% 0.65 1.43 39.5 15.55 4.70 0.34
Lake Michigan Grid 1303 04/18/85 0.65 1.43 39.5 15.55 4.50 0.48
t.oke Mi:higan Grid 1104 05/25/85 0.85 1.87 40.4 15.90 6.80 0.3
Root R Sixth St 10/16/85 0.85 1.87 42 .4 16.61 6.30 0.32
Root R Sixth St 10/03/85 1.1 2.44 42.7 16.80 13.00 0.26
Twin West Two Rivers 04/18/85 0.85 1.87 42.9 16.89 6.70 0.42
Laoke Michigan Grid 1303 07/06/85 0.90 1.98 46.5 18.31 1.90 0.10 <QUANT.
Lake Michigan Grid 2102 06/01/85 1.30 2.86 50.5 19.90 1.60 0.10 <QUANT.
Lake Michigan  Sturgn Bay 04/04/85 2.00 4.40 55.9 22.00 4.40 0.3
Root R Sixth St 10/03/85 2.00 4.40 56.6 22.30 9.00 0.35
Root R Sixth St 10/03/85 2.23 4.91 56.9 22.40 12.00 0.52
Twin West Two Rivers 04/04/85 2.20 4.84 57.5 22.64 6.30 0.67
Lake Michigan  Grid 1303 07/06/85 2.30 5.06 57.5 22.64 7.80 1.60
Lake Michigan Grid 2102 06/01/85 2.20 4.84 57.9 22.80 6.60 0.22
Root R Sixth St 10/03/85 2.12 4.66 59.2 23.30 6.80 0.24
Root R Sixth St 10/16/85 2.34 5.15 59.6 23.46 7.70  0.32
Twin West Two Rivers 04/04/85 2.25 4.95 59.7 23.50 6.20 1.10
Lake Michigan  Grid 1303 07/06/85 2.50 5.50 63.5 25.00 6.80 0.64
Lake Michigan Grid 2002 06/17/85 4.20 9.24 66.0 25.98 20.00 1.70
Root R Sixth St 10/03/85 3.56 7.83 67.3 26.50 13.00 0.67
Lake Michigan  Grid 2002 06/17/85 4.25 9.35 67.3 26.50 14.00 0.94
Lake Michigan Grid 2202 07/20/85 2.60 5.72 68.5 26.97 4.70 0.76
| ake Michiqgan Grid 1303 06/19/85 3.90 8.58 71.0 27.95 5.70 2.00
l ake Michigan Grid 1303 07/06/8% 5.95 8.69 72.5 28.54 4.30 0.87
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Table 3-8 (continued)
1985 Lake Michigan Salmonid PCB Data

Main Lake Basin Zone
Rainbow Trout

Lake Michigan
Loke Michigan
Lake Michigan
Lake Michigan

Location  Date Wt Kilo Wt 1b _Lngth CM__Lngth IN _PCT Fat _ PCB  LIMIT
whitefish Pt  06/29/85 3.50 7.70 73.5 28.54 1.1 0.40
Grid 2102 09/07/85 4.25 9.35 75.9 29.88 0.10  0.49
Grid 2002 06/10/85 5.10 11.22  76.2 30.00 6.00 1.00
Grid 220 07/20/85 4.70 10.34  79.0 31.10 9.70  0.75
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Table 3-9

1985 Lake Michigan Salmonid PCB Data

Sheboygan River Zone

Rainbow Trout

Waterbody  Location ___ Date Wt Kilo Wt 1b _Lngth CM_ Lngth IN _PCT Fat _ PCB _
Sheb R Sheb Harbor 06/19/85 0.20 0.44 24.2 9.53 4.70 1.60
Sheb R Sheb Harbor 06/19/85 0.19 0.42 25.7 10.12 3.10 3.30
Sheb R Sheb Harbor 06/19/85 0.30 0.66 27.0 10 63 7.30 3.30
Sheb R Kiwanis Pk 09/25/85 0.25 0.55 28.3 1.4 5.00 1.00
Sheb R Kiwanis Pk 09/25/85 0.50 1.10 33.0 2.99 7.50 2.90
Sheb R Sheb Harbor 06/19/85 0.74 1.63 34.6 .3.62 10.00 4.00
Sheb R Kiwanis Pk 09/25/85 0.60 1.32 36.5 14.37 5.90 0.50
Sheb R Kiwanis Pk 09/25/85 0.65 1.43 37.5 14.76 9.10  1.00
Shep R Sheb Harbor 06/19/85 1.05 2.31 41.0 16.14 11.00 5.00
Sheb R Sheb Harbor 06/19/85 1.10 2.42 41.0 10.14 15.00 4.40
Sheb R Kiwanis Pk 09/25/85 2.11 4.64 56.3 22.16 1.50 0.80
_sheb R Kiwanis Pk 09/25/85  2.51 5.52 56.8 22.36 8.90  0.35
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1985 Lake Michigon Salmonid PCB Data

Table 3-10

Main Lake Basin Zone
Coho Salmon

Vaterbody  Location ___ Date Wt Kilo Wt 1b_ Lngth CM__ Lngth IN _PCT Fot _PCB__LIMIT
Sheb R Kohler Dom 09/16/85 0.49 1.08 35.1 13.80 6.80 0.99
Sheb R Kiwanis Pk 09/25/85 0.55 1.21 36.3 14.28 5.90 1.10
Sheb R Kiwonis Pk 09/25/85 0.70 1.54 39.4 15.50 3.60 0.36
Sheb R Kiwanis Pk 09/25/85 0.90 1.98 39.5 15.54 0.38 0.82
Sheb R Kiwanis Pk 09/25/85 0.75 1.65 39.5 '5.95%5 3.00 0.41
Sheb R Kiwanis Pk 09/25/85 0.70 1.54 39.6 15.60 4.00 0.40
Sheb R Kiwanis Pk 09/25/85 0.75 1.65 40.0 15.75 2.40 0.46
Sheb R Kiwanis Pk 09/25/85 0.80 1.76 41.0 16.14 1.40 0.26
Sheb R Kiwanis Pk 09/25/85 0.75 1.65 41.0 16.14 5.30 1.00
Sheb R Kiwanis Pk 09/25/85 1.00 2.20 42.8 16.85 3.80 0.51
Sheb R Kiwanis Pk 09/25/85 0.95 2.09 43.0 16.93 2.90 0.51
Sheb R Kiwanis Pk 09/25/85 0.95 2.09 43.8 17.24 2.20 0.48
Sheb R Kiwanis Pk 09/25/85 1.25 2.75 45.1 17.75 6.40  0.25
Sheb R Kiwanis Pk 09/25/85 0.91 2.00 46.1 18.15 2.30 0.72
Lake Michigan Grid 2202 05/07/85 1.40 3.08 48.5 19.09 4.10 0.43
Sheb R Kiwonis Pk 09/25/85 1.70 3.7% 50.5 19.88 7.20 0.63
Sheb R Kiwanis Pk 09/25/85 1.20 2.64 50.9 20.04 0.30 0.10 <QUANT.
Sheb R Kiwanis Pk 09/25/85 1.48 3.26 53.3 20.98 4.20 1.10
Lake Michigan G6rid 1901 06/04/85 1.60 3.52 54.0 21.26 3.80 0.52
Loke Michigan Grid 1901 06/04/85 1.65 3.63 54.1 21.30 5.90 0.90
Lake Michigan Grid 2102 06/01/85 1.55 3.41 541 21.30 2.40 0.32
Loke Michigan Grid 2102 06/01/85 1.50 35.30 54.1 21.30 2.70 0.37
Loke Michigaon Grid 1901 06/04/85 1.7% 3.85 54.4 21.42 5.50 0.86
Lake Michigan Grid 1901 06/04/85 1.80 3.96 55.0 21.65 6.00 0.,
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1985 Lake Michigan Salmonid PCB Data

Table 3-10 (continued)

Main Lake Basin Zone

Coho Salmon

Waterbody  Location Dote Wt Kilo Wt 1b Lngth CM_ Lngth IN __PCT Fat  PCB

Sheb R Kiwanis Pk 09/25/85 1.66 3.65 56.1 22.09 2.10 0.2¢8
Lake Michigan Grid 2102 06/01/85 1.85 4.07 56.4 22.20 3.10 0.50
Lake Mihcigan Grid 1901 05/30/85 2.30 5.06 56.7 22.32 8.50 1.30
Lake Michigan Grid 2102 06/01/85 1.90 4.18 56.9 22.40 3.90 0.60
Lake Michigan Grid 1303 07/06/85 1.70 3.74 57.0 22 .44 0.70 0.24
Lake Michigan Grid 1901 06/04/85 2.10 4.62 57.1 22.48 8.50 1.10
Lake Michigan Grid 2102 06/01/85 1.85 4.07 57.9 22.80 3.00 0.45
Sheb R Kiwanis Pk 09/25/85 2.25 4.95 58.0 22.83 3.60 0.38
Loke Michigan Grid 1901 06/04/85 1.80 3.96 58.0 22.83 4.40 0.48
Lake Michigan Grid 2102 06/01/85 2.15 4.73 58.4 23.00 5.00 0.50
toke Michigan Grid 1303 06/19/85 2.45 5.39 58.5 23.13 5.40 0.81
Lake Michigan Grid 1303 06/25/85 2.30 5.06 58.7 23.11 3.20 0.52
Sheb R Kiwanis Pk 09/25/85 1.92 4. .22 58.9 23.19 2.50 1.40
Lake Michigan Grid 1901 06/04/85 2.30 5.06 58.9 23.19 6.00 0.92
Sheb R Kiwonis Pk 09/25/85 2.10 4.62 53.0 23.23 2.10 0.63
Lake Michigan Grid 1303 06/19/85 2.40 5.28 59.0 23.23 6.10 0.78
Lake Michigan Grid 1901 06/04/85 2.40 5.28 59.0 23.23 8.40 1.40
Laoke Michigan Grid 2102 07/20/85 2.00 4.40 59.0 23.23 3.00 0.56
Lake Michigan Grid 2102 06/01/85 2.20 4.84 59.9 23.60 5.10 0.74
Lake Michigan Grid 2102 06/01/85 2.35 5.17 60.5 23.80 8.00 1.10
Lake Michigan Grid 1303 06/19/85 2.35 5.17 60.5 23.82 4,90 0.70
Lake Michigan Grid 1303 07/06/85 2.10 4.62 60.5 23.82 4.70 1.10
Sheb R Kiwanis Pk 09/25/85 1.82 4.00 60.7 23.90 1.00 0.42
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1985 Loke Michigan Salmonid PCB Data

Table 3-10 (continued)

Main Lake Basin Zone

Coho Salmon

Waterbody
Lake Michigan
Sheb R
Lake Michigan
Lake Michigan
Sheb R
Sheb R
Lake Michigan
Sheb R
Sheb R
Loke Michigan
Loke Michigan
Lake Michigan
Loke Michigan
Loke Michigon
Loke Michigan
Lake Michigan
Sheb R
Loke Michigan
Sheb R
Laoke Michigan

Loke Michigan

““location _ Date Wt Kilo Wt 1b _Lngth CM_ Lngth IN _ PCT Fot _ PCB
Grid 1303 07/06/85 2.70 5.94 60.8 23.94 3.20 0.63
Kiwanis Pk 09/25/85 2.25 4.95 61.0 24.02 1.70  0.28
Grid 1303 08/08/85 2.93 6.45 61.2 24.09 4.90 0.73
Grid 1502 08/09/85 2.40 5.28 61.5 24.21 8.20 1.90
Kiwanis Pk 09/25/85 2.60 5.72 62.0 2441 1.70  0.37
Kiwanis Pk 09/25/85 2.70 5.94 62.0 2441 2.70  0.72
Grid 2102 06/01/e5 2.80 6.16 62.5 24.60 8.50 1.50
Kiwanis Pk 09/25/85 3.15 6.93 63.0 24.80 3.60 2 70
Kiwanis Pk 09/25/85  3.30 7.26 64.0 25.20 2.00 0.68
Grid 2102 06/01/85 2.90 6.38 64.0 25.20 8.20 1.00
Grid 1502 08/09/85 3.30 7.26 64.0 25.20 6.70 1.70
Grid 1502 08/09/85 3.15 6.93 65.5 25.79 2.20  0.62
Grid 1303 08/08/85 3.24 7.13 65.5 25.83 6.10 1.10
Grid 1303 07/15/85 3.70 8.14 66.0 25.98 7.70  1.70
Grid 2102 07/20/85 3.10 6.82 66.0 25.98 7.20 1.20
Grid 2102 07/20/85 3.00 6.60 66.0 25.98 5.0 1.70
Kiwanis Pk 09/25/85 3.70 8.14 66.5 26.20 3.80  1.20
Grid 2102 07/20/85 3.70 8.14 67.0 26.38 8.50 2.50
Kiwanis Pk 09/25/85 3.75 8.25 67.2 26.45 6.00 1.30
Grid 2002 06/10/85 3.65 8.03 67.3 26.50 10.00  1.60
Grid 2102 07/20/85 4.10 9.02 70.0 27.56 9.30  2.90
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Fish PCB Levels
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Table 3-11 (continued)

wAlL HRDY LOCATION DATt W' iy L ANKY - LNGTH_CM LNGTH 1IN PCY Fa~ Liml? PCY

LM MICM GRID 1102 08/01/05 1.40 a r7 $7.4 22.60 14,00 V.80
LR MICH GRID 2102 06/01/85 V.90 L ] 57.4 12.6¢C 12.00 V.50
LN MICH cRIL 90 10/22/R% ?2.00 4. 40 $7.S 2.6 14,00 2.30
LR MICH GoI0 2102 06/01 /8% 2.05 4.5 57.9 22,8 2.0 1.90
UK e GRID V1104 06/02/85% 1,715 ).8s 59.7 73.5v 8.nHt v.10
Lh MM GRID 15072 071/11/78% 2.05 4.5 60 .1 2).67 12 .90 1.70
LK MICH GRIO 21072 09/07/8% 2.45 5.39 60.6 2).88 12.00 2.00
LM MM GRID 905 10/22/685 2.00 4. 40 60.0 2).94 9.90 2.40
LM MICH 6a1n 1701 07/25/8S 2.15% 4.1) 61.0 74.00 15,00 2.50
LK MITs GRI1D 905 10722785 2.00 4,40 61.2 24 09 14,00 2.10
LR MICH GRID 2102 06/01/8S 2.90 6.38 6.5 24.20 18.00 2.50
LX MICH GRID 130) 07706785 2.30 5.06 61.5 2.2y 12.00 1.%0
LW MM GRID V502 08/10/8% 2.8 a.1) 6.5 24 .2V 12.00 1.20
LY MICH GRID Q0% VO0/22/8S 2.7% 6.05 62.0 24 4 1,00 2.70
LK wMICH GulD 905 10722785 2.715 6.0 62.0 24 48 12.00 2.40
tx MICH cain 1302 07/06/78S 2.7% 6.05 62.0 24 &y 18.00 2.40
LX MICH GRID 2102 07/20/8S 1.30 5.06 62.0 24 .M 12.00 2,50
X MICH GRID 1502 01711785 2.05% 4.5 62.0 24 .4y 15.00 1.90
LK MICH GRID V502 00/10/85% 1.50 5.50 62.5 24 6" 13.00 2.00
LN MICH GR10O 909 10722/8S 2.50 5.50 62.0 24,72 16,00 4. .40
LM MICH GRID 130) 07/08/8% 2.70 5.94 83.0 14,80 18.00 2.40
LK MICH GRIOD 1705 08/08/85 2.32 s.10 63.0 14,80 15.00 3.0
LM MICH GRID 15012 08/10/708S% 4.6% 10,23 63.0 22,10 21,00 1,20
LR MICH STURGN BAY 06717785 2.70 5.94 63.2 24.89 17,00 .10
L MICH STURGN BAY 087147083 2.2) a9, 64 2%.24 12,00 3.0
LN MICH GRI1O 905 10/22/70% 2.50 5.50 648 25.39 10.00 3,10
EX MICH GR1ID 905 10/722/8S .50 7.70 64. .5 25.39 12.00 2.50
LR MICH GRID 1103 07/05/78% .28 7.18 64.5 25.39 17,00 2.60
LX MICH GRID 1302 07/06/8S 2.5% 5.8 64,7 25 47 14.00 2.00
LK MICH GRID 905 10/22/70% 2.40 5.120 65.5 2s.79 14,00 3.30
LK MICH GRID 905 10722705 J.so 7.70 66.0 25,90 15.00 3.90
LR MICH GRID 2202 0717207905 2.90 6.0 68.0 25.99 14,00 4.00
LN O MICH GRIO 1302 01/06785 J.05 6.7 68.0 25 .99 9. 00 J.q0
LR MICH GR1D 2102 06/01/85% 3.20 7.04 66.0 25.90 19.00 4 40
LK MICH GRIO 15012 06721783 2.27 4.99 68.0 25.98 16,00 3.60
LK MICH GRID 2102 067017085 2,85 6.27 66.0 28,00 16.00 Jd.oo
LK MICH GRID 2102 06/01/8S 3.33 .y 68.5 28,19 18,00 3.5
LN MICH GRID 905 10/22/8S° .78 6.0% 67.0 26.39 12,00 J. 40
LK MICH CR10 13023 07/06/8% 3.2 T.04 67.0 28 8 18,00 .00
LN MICH GRIOD 21012 06701705 J.00 6.60 67.0 2¢ 38 18,00 5.00
LK MICH GRID 130) 01/06/85 .10 6.82 87.5% 2¢ .57 18.00 3.10
LK MICH GRID 2102 06/01/78% J.10 8.82 e7.9 26.57 22.00 3.3
LK MICH GRI1O 130) 07/08/705 3.1 7,18 er.e 26.68 26.00 5.00
L MICH GRIO 905 10/22785 .00 4.60 68.0 28.77 16,00 2.3
LR MICH GRID 2102 08/01/06S% 3.%0 7.70 60.0 26,77 23.00 a.90
LK MICH GRIOD 1502 08/10/9% J.08% 8.7 8.0 18.00 3.20
LK MICH GRID 1502 07/17/78% 3.5%0 7.70 88.3 20.00 4,.%0
Ln MICH GRIO 15027 o8st0/83 .93 8.69 8.3 26.00 8.00
Lt wiCH GRID 1%02 00/10/8% 3.2% 7.1% 60.3 17.00 4.20

(
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Table 3-11 (continued)

TWATERBOY LOCATION DATE wi_®iLo wY LB LNGTH CM LNGTH [N PCT _FAY Limty I
LK ML GRID 905 10/22/8% 3.5t 1.70 69.95 27.36 12.00 2.80
LK MI(H GRID 15072 08710785 ) 20 7.04 69.5 27.2368 t7.00 .o
La MpCH LeID 1502 0r1/11/8% 3.s¢C r.70 0.0 27.56 19.00 ?2.60
Ln Wi GRID 2102 06/01/RS 3.60 7.92 70.5 7.6 19.00 6.90
Ly UM GRID 150) 0r711/R% 3 1S 6.9 70.5 27.76 16,00 J.oo
Ly MIrH GRID 21072 06/01/8% In 8.14 .0 27.95 20 .00 4. .30
Ly v GR1O 9NS 10/22/8% J 8.2% LA -] 20 1S 14 00 J.60
L MICH GRID 2102 06/01/0% 3.90 8.56 7.5 28,195 - 23.00 9.00
Le MICH GRI0 1502 0r/v1/9% 3.9 8.50 7.5 28.1S 13.00 4.80
[ RN @Y GRID 1502 0r/711/85% J.60 7.92 1.5 e .15 18.00 4.80
LK MICH GRID 905 10722785 4_00 8.80 72.0 26,35 7.90 J.70
LK MICH GRID 90S 10722785 4.00 8.80 72.5% 28 .54 1).00 4.20
LN MICH GRID 1502 01/717/8% 4. .45 9.79 2.5 L1 26,00 6.30
LR MICH GR1O 1502 08/10/6% 4.10 9.02 72.9% 28,54 2v.00 4_40
LY MICH GRID 15072 07/711/8% J.80 7.92 73.0 20,74 14,00 3.5%0
LW MICH GRID 1502 02/17/78% J.40 7.48 73.0 28 .74 17.00 3.30
LN MICH GRlD 1502 06/21/85 . . 73.% 2t .94 24.00 9.70
LK MiCH GRID 1502 08/10/8S 4.3% 9.57 73.5 20.94 21.00 4,30
STURGK BAY PORTAGE PK 04/19/8% 4.60 10.12 73.7 29.00 t9.00 6.0
LR MIcH GR1O0 2102 067017083 4,00 8.80 74.9% 29.3) 18.00 2.90
Im MICH GRID 21012 06/01/85 4,30 9.90 76.0 29.92 19.00 0.60
LN MICH GRID 2102 07/20/70% 4.80 10,56 76.0 29.92 21,00 7.30
LR MICH GRIO 1502 07717705 4,25 9.3% 76.0 292.92 '20.00 7.0
(M MICH GRID 2102 077207058 4,00 9.46 76.% 30,12 12.00 4.50
LR MICH GRID 1502 07711785 $.00 11,00 76.5 30.2 24.00 "
LK MICH GRID 15072 08710785 4,40 9.68 76.5 30.12 21.00 5.60
LK MICH GRID 1503 08/10/86% 4.80 10.56 78.5% J0.12 21.00 7.30
LR MICH GRID 1102 06/01/8S% 4.9% 10.09 77.0 0.3 1800 5.00
LN MICH GRID 200) 06/17/8% s .60 12,32 1.5 30,51 22.00 6.680
LN MICH GRID 1204 05725785 5.55 12,2 70.0 30.70 22.00 9.00
LK MICH GRID 21072 06/01/0% 5.25 11,55 8.0 30.71 9.00 0.40
LK MICH GRID 2102 01/20/85 4,90 10.79 8.0 0.7 17.00 .00
LR MICH GRID 1204 0572%5/0% 6.6% 14.6) 70.9% J0.90 24.00 S.70
L MM GRID 1104 05/728/85%5 4. 45 9.79 10.7 31.00 16.00 [
LR MICH GRID 905 10722783 5.00 11,00 79.0 3v.10 17.00 4,90
LK MICH GRID 1303 07708789 5.8% 12.87 79.0 3,10 21.00 14
Lk MICH GRID 15072 06/21/8% . . 19.0 3,0 14,00 8.10
LR NICH GRID 1502 08/10/0% $.18 1v.3) 79.0 31,10 23.00 s.20
LM MICH GRID 130) 07/06/8% 6,30 13.08 79.9% 3 3 22.00 4.90
LR MICH GR10 1502 orsi11/78% 5.10 14,22 80.5 Jr 89 18.00 5.30
LK MICH GRID 1507 07717/0% 4.90 10.78 81.0 ‘3 09 20.00 7.80
Lr MICH STURGN AAY 05/718/8% 6.60 14.52 81.3 J32.00 21.00 8.80
LK MICH GR10 2202 01/20/8% 5.80 12.76 82.0 32.20 20.00 9.5%50
LK MICH GRID 905 10722785 $.7% 12.8% 8.5 d2.07 18.00 6.40
LK MICH GRID 1502 or/V7/8% 8.40 14.00 84.95 3.2 2%.00 0
LR MICH GRID 90% 10722708 §.00 13.20 84.8 33. 20 14,00 s.30
Lx MICH GRID 1004 05/25/8% 6.20 13.64 86.4 3¢.00 21,00 "
LK MICH GRID 15012 orsiv/8% 6.90 15,18 86.5 J4.08 16.00 1.3
LR MICH GRID 1502 07/11/0% 8,50 14,30 88.0 Ja. 84 22.00 8.00

s{eA®] gld uUsSt 4
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Table 3-12
1985 Lake Michigan Salmonid PCB Data

Nain Loke basin sore

Browm Trout
wATCRBDY CTotation T DATE “WT_KILO _ wT_ LB LNGTR CM LNGTH TN PCY_FAT LImIY el
LM I GRID 2'07 06721785 0.38 0.8 8.5 V22 8.60 0.98
LM MECH GRID 2102 06/21/RS . . Jjv.o 12.20 8.30 1.20
PR )k GRID 11907 OR/09/8S 0.5%5 1. Ja 0 13.J8 $.20 2.00
ERIYEE GRID 190 oR/10/8% 0.0 V.%a % .0 1.78 9.30 3.50
Lr Ml cain /NS 0r/05/78% 1.05% 2. s 7 14 N6 1).00 1.50
Lm M) CRID 150 06/721/85 0.75 1.65 Jr o 14 .56 t1.00 2.00
LK MICH GRIO 1502 oA/ 10/8% 0.15 1.65 a0 14.96 9.20 1.70
Ve MICH BATLEYS riaR 10/09/8% 0.79 V.74 a0 .0 15,15 J.70 0.48
LK MICH GRID 1502 06/21/R5 1.0 2.7 40.0 15.75 15.00 3.3
(n MICH OAILEYS ruaR 1N/N2/IAS 1,10 2.42 41 4 16.30 $.70 0.7)
L MpCM GRID 1502 0R72V/RS 0.9 2.00 4).0 16.9) 16.00 1.0
Ly MI(H BAJLEYS HAR 09715785 1.31 7.88 43.6 7,16 6.90 0.5
L MICH PATLEYS HAR 04/07/8S V.45 3.9 45.0 17.72 14,00 t.30
Le WICH BAILEYS HAR 0a/07/85 1.7% J.as 45.) 17.83 20.00 1.0
LK MICH GRID 905 05/02/05 V.85 4.07 45.8 18.03 24,00 V.10
LK MICH GRID 11301 01729/8% 1.80 3.96 48.6 18.38 - 14,00 V.70
LK MICH BAILEYS HAR t0/09/85% 1.2% 2.75 47.8 18,78 8.80 .20
Lw MICH GRIO 1303 07/29/08% 2.10 4. .82 4.8 19,062 14,00 V.10
STUAGN BAY PORTAGE PN 04/09/85 t.0S 2.3 4r1.9 19.87 14,00 3.60
L AICH BATLEYS HAR 0a/07/85 1.90 4.18 48.0 '8.90 15.00 1.70
LW MICH GRID 1502 01/1578% 2.10 4.62 48.95 19.09 16.00 2.00
LN MICH Litty Bay 0%5/03/8% 2.0% 4 .51 49 .0 19.29 17.00 D.93
LK MICH GRID 1303 07/08/8% 1.90 4.8 3.5 19 49 17.00 1.00
LM MICH oRID 607 04/76/8S 1.90 e .18 49 5 19,50 15.00 0.00
LH MICH BAILEYS HAR 04/07/8S 2.00 4. 40 439 .7 19.5%7 - 18.00 1,40
Ln MICH CRID 1502 06/721/8S 1.40 J.26 50.0 - 19,68 - 18,00 1.00
(K WM CRIN 1502 06/21/85 1.02 2.24 50.0 19.68 19.00 2.30
LN WMICH MATLEIYS HAR 04707/8% 1.89% .07 50.2 19,76 17.00 1.00
LW MICH HATLEYS HAR 09725/85 1.4 3.7 50.3 19,00 7.60 1.40
LN MTC(M GRID 11302 07/06/9% 2.20 4. 04 $0.) 19.80 1S.00 1.20
Lt MICH BAILEYS HAR 04/07/85 2,05 4.5 5v.0 20.08 17.00 60
LK MIIH GRID 1502 06/21/85 1.82 4.00 . 51.0 20.08 19.00 : 60
LK MICH STURGN BAY 04723705 1.49 3.9 Sr.y 20,10 3.00 1.70
LM MICH BAILEYS HAR 04/07/85 1.80 J.v8 $1.S 20,20 11.00 t.30
LK MICH GRID 1502 06/21/70% . . s1.§ 20.20 15.00 1.50
LN MY GRID 1502 06/21785%5 . . $1.5 20.28 19.00 1.80
LY MiCH SAILEYS HANR 04/07/8S% 2.20 4.84 S1.8 . 20,9 19.00 1.30
X WICH. BATLEYS HAR 04/07/0% 2.3% 5.17 52.0 20.47 21,00 .70
LX MICH GRID 2102 06/21/8S 2.27 4.99 $2.0 20. 47 18,00 .80
LR MICH GRID 1004 06725789 1.45 5.9 $21.2 20.53 11.00 .80
STURGN BAY PORTAGE PN 06/29/8% 240 5.20 ‘52.4 20.63 17,00 3.120
LK MICH GRID 1402 06720785 3.00 8.60 $2.4 20.6) 1.7 ..70
LK WICH GR1ID 2107 09/07/08S 3.%0 7.70 $3.0 20.87 10.00 2.20
Le MICH BAILEYS HAR 10702/85 2.20 4,048 $3.Y 20.9% 9.00 2.40
LN MICH GRID 20012 05718/85S 2.52 5.54 $3.) 21,00 17.00 1,20
LK MICH GRID 15012 08/10/8% 2.30 5.06 $3.% 21,006 10.00 V.10
LX MICH BAJLEYS HAR 09725708 7.3 5.28 33.8 2,10 8.50 t.00
(wowow CRID 1303 07/08/8% 2.00 8.18 $4.9% 21 48 14,90 1.0
(K MICH cR1D 1502 08/710/8S 2.40 5.20 54.% 21,40 9.00 0.9

( (

$19437 83d 4st4




_89._

Table 3-12 (continued)

TTwatranov LOCATINY DATE wl X1L0 wY_ L8 ULNGTH (M LNGTH N PCY FAY LinNTY PpCH
L MICH BAILLYS HaRm 09/16/AS 2.2% 4. 9% 5.8 2V.57 7.80 V.90
LK MICH AAILIVYS MAR 0as/07/8% 3.3 71.26 56.0 22.05% 18.00 0.82
LK MICH GRAID 110D 01/29/85 J.10 6.682 56.7 22.32 15.00 1.60
LK MICH GRID 1303 01/06/8S 3.3 7.3y7 $7.0 17.44 16.00 t.70
LM MICrt aeIn 1502 0omn/71078S 3.2% 715 57 0 22.44 13.00 .70
LM MM oatn 1502 0R/10/785 J. a5 7.59 57.¢C 22,44 17.00 ?2.60
LN ME( GUiL 1502 UR/09/8S 3.50 1.70 58.C 22.8) 16.00 ' a0
LN M GRID 1502 0OR/10/8S J. a5 7.59 58.0 22.83 13.00 t.60
LM MECH GRID 2002 N&/10/8% J. a5 7.%9 50 . 4 23.00 22.00 V1. 20
LM MICH LILLY nay N0R/730785% 4,00 8.80 59.0 2.2 22.00 4 70
LH MM GRID 1302 07/29/8S% 3.60° 7.92 $9.3 23.3% 16.00 V.30
LX MICM GRID 2102 06/01/0% J.2a 7T.9) 59.4 2).40 20.00 4. 00
LN MICH GRID 1502 OA/10/R" J. a0 7.40 59.5 2).42 14.00 1.40
STURGN BAY PORTAGF PX 08/01/85 a.5% 10.0 59.8 2).54 14,00 J.90
LK MICH MORTH BAY 0ns5/78/85 4. 9.9 60.0 2)3.82 21.00 e .50
LK MICH GRID 20072 06/12/85 4. 40 9.68 60.0 23.62 24 .00 0.9)
LM MICH GRID 1901 06/06/05 3.80 8.36 60.9% 2).82 20.00 J.n0
LN MICH GRID 2002 04/25/85 J.a% 7.5%9 61,0 24.00 7.10 7 00
LK MITH GR1D 2002 05/10/8S 3.85 0.03 61.0 24.00 2).00 2.60
LK MICH LILLY BAY 06724785 3.80 8.26 81,0 4,02 14,00 1,10
LM M GRID 1502 o8/ 10785 J.9%0 8.58 ar. 0 24 .02 14,00 t.70
LM dI(H G100 1502 08/10/8% 3.5% 7.8 8% 4.2 13.00 2.2¢
LK MICH GRID 1502 08/10/8S J.a% 7.59 61,5 24,21 12.00 1.60
L4 MICH AATLEVS HAR 08/29/85 5 .40 11.88 61.% 24.80 21,00 2.60
LM MICH GRID 1901 05/15/8% 3.25 T.15 2.5 24.61 "13.00 3.70
LK MICH GRID 1502 08710785 J.70 8.4 621.5 24 .6 12.00 1,40
LK MICH GRID 1502 01/11/70% J.es8 0.0) 6l.5% 2%.00 13.00 2.30
LN MICH GR10 130D 0v/29/0% J.80 8.38 8l .8 25.04 13.00 v.30
LN MICH GRID 1502 08/10/8% 4.75 9.3% 84 S 25.39 10.00 2.10
LK M1 CRID 1407 08/10/085 a.65 10.23 65.0 25.59 17.00 2.20
LN MICH GRID 1502 068/10/05 4.90 10.70 66.0 25.90 12.00 2.90
LK MICH GRID 1507 08/10/85 S.10 11,22 66.5 268,18 14.00 3.50
LK MICH GRID 2002 06/17/8S 5.5% 122. 87.S 26.%7 20.00 2.70
X MICH GRID 1004 04/28/08% 4.70 10.)4 68.6 27.00 9.20 2.90
LN WICH BAILEYS HAR 04/07/85 S.1'S 1.3 49.9% 27.3¢ t1.00 5 80
LK MICH GRID 1501 08/09/8% 1.50 16.50 70.5 30.90 16.00 2.30

318487 god ysT4
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Table 3-13
1985 Lake Michigan Salmonid I'CB Data

Sheboygan River Zone

“waterbody

Gheb
Sheb
Shebh
Sheb
Sheh
Sheb
Sheb
Sheb
Sheh
Sheb
Sheb
Sheb
Sheb

TP DTIDV VTN OD

Browm Trout
Location Date Wt Kilo Wt lb Ingth M  Lngth IN PCT Fat PCB
Sheb Harbor 06/19/85 0.14 0.31 21.5 8.46 5.30 3.50
Sheb Harbor 06/19/85 0.16 0.35 24.5 9.64 3.90 2.10
Sheb Harbor 06/19/85 0.25 0.55 26.0 10.24 9.40 2.60
Sheb Harbor 06/19/85 0.29 0.64 26.5 10.43 6.80 2.40
Kiwanis Pk 09/25/85 0.70 1.54 35.0 13.78 4.70 3.20
Kiwanis Pk 09/25/85 3.50 7.70 49.0 19.29 7.30 1.50
Kiwanis Pk 09/25/85 1.60 3.52 49.7 19.57 8.60 2.40
Kiwanis Pk 09/2%/85 1.95 4.29 5C." 19.76 6.0C 2.20
Kiwanis Pk 09/25/85 2.27 4.99 50.5 19.88 9.80 1.90
Kiwanis Pk 09/2%5/85 2.35 5.17 55.0 21.65 14.00 3.60
Kiwanis Pk 09/25/85 3.50 7.70 5.5 21.85 10.50 2.10
Kiwanis Pk 09/25/85 2.41 5.20 55.6 21.89 7.00 1.60
Kiwanis Pk 09/25/85 2.80 6.16 58.5 23.03 17.00 3.70

S{8A#7 80d uUST4
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Table 3-1h

1985 lake Michigan Salmonid Data

Northern 7one
Chinook Salmon

ertﬂnuv R

LX MICH
LK MI(M
Lx MiOM
L M
L MO
L Mk
L MIOK
LN MICH
L% MCH
(& MECH
LN MO
¢n MICH
L% M1 Cre
LX Ml
L MICH
L MICH
e MICH
L v
LX MECH
(K M:IOM
L MI(H
LTURGH BAY
STURGN RAY
STURGHN PaAY
STURGM RAY
STUAGN RAY
STUYRGN BAY
STUARGHM RAY
STUAGN BAY
STURGN BAY
LK WlICH
STUAGN MAY
LX MICH
LK WICH
Lx MI(H
STURGN BAY
LR MICH
LK MICH
STURGH BAY
LR MCH
LK MIOH
STURGN BAY
LK MI(H
LX MICH
STURGN BAY
STUAGN BAY
LR MICH
[ ]
LK MJ(H

TLocaTInN DATE PRI wi LD LNGTH CM LWCTH IN TREYY Timl T BCo
GRID 110) NY/L&6/RS 0.50 V.10 31.0 14,57 V1.4C 0.3
GHRIO 130) 01710678 0.%0 1.10 Ja. o 14,96 0.8G 0.2as
GRIO 110D 01’3078 0.%9 1.30 Je.» 15.20 V.40 0.4
GRID 0 TNIQS/9% 0.%9 LI 14) jo.e 15.67 1,50 0.23
GRID 110 ny/o6/N0S 0.60 V.32 40.0 15,709 V.50 0.2
oriQ 100 07730/R 0.68 1 50 0.0 15.7% 0.90 0.22
GAIpD Y10 07/06/A 0.64 [ 40.5 15.94 0.80 <QUANT, 0.10
GRID 1707 ars/30/R85 0.79 ' 74 42. 6 16.77 4 60 0.78
GRIO 13023 07/30/R% 0. .74 ' 63 4).9 17.28 v.J0 0.25
GRID SN6 07/12/8% 0.75 1.65 44.0 17.32 1.%0 0. 4
Geip 130) 0Y/30/RS 0.90 V.98 45.2 vy.80 2.80 0.47
6o 130) 07/30/RS 0.99 2.18 45.9 19.07 6.00 0.60
LRI 130) 01/30/8S 0.9% 2.09 461 19.1S 2.00 0.4
GRID 1103} 01/30/8% 0.96 2 0 46 .13 h,.2)3 3.0 0.5%4
GR1OD V30D 07/30/85 V.14 2.5 a71.3 186,62 4.50 0.08
GRID 1303 07730/085% IR ] 2.44 48 .1 18 .94 $.00 0.7
Gato 1303 071730/8S .1 2.44 48 .3 19.02 3.60 0.58
GRI{O 11303 ar730/85% t, 12 2. 48 48 .6 19,13 J.00 0.48
calo 1303 07/06/85% 0.95 1.87 48 .9 19.23 0.680 CQUANT, 0.1
GRID 1303 07/06/8S 1.2% 2.715 49 .0 19.29 J.o0 0.4)
GRID 1303 071/06/89% 1.8 2.%) 49.5 19 a9 0.90 <QUANT 0.10
STRWARRY (R 10703/m% V.50 3.30 $0.5 19.00 J.20 0.72
sTawmaay CR 10/0)/8S 1.7 J.74 4.5 21,48 4,30 1.20
STRWARAY (R 10/0378% 1.70 3.74 $5.0 21,688 J.9%0 1.20
STRWOARY (R 10/03/8% 2.00 4 40 $6.0 22.0% J.)0 1.60
STRWARRY (R 10/03/78S 2.00 4, 40 56.6 221.18 2.80 1.60
STRwARRY (R 107/03/8S ?2.00 4, 40 56.6 21,28 5.90 2.90
sTawmRay (R 10703785 2.00 a_40 57.2 22,92 4.90 1,70
STRWDBRRY (R 10/03/785 V.95 4,29 57.6 22.080 4.30 1,30
STRWBRARAY (R 10/03/85S 2.00 4 a0 $7.9 22.90 4.80 2.00
GRID 130) 07/06/8S 2.00 4,40 59.2 I/n 6.30 1.30
STRwWARRY (R 10/03/85 ?2.50 5.50 61.0 24,0 6.40 ?2.30
L0 905 06711785 2.230 5.06 6.0 14,02 9. 40 0.086
GREID 110) 071/068785 .05 4.5 6.5 P I 3] 5.50 V.10
GRID 1303 07/06/0% 2.0 4.862 62.0 24, 41 $.50 0.680
STRwWARRY (R t0/03/785 7.50 $.50 62.2 24 A9 3.3 2.50
GRID 130) 06719785 3.50 1.70 69.5 27.3¢ 11,00 1.90
oGRio t30) 07/06/785% 3.0 8.82 70.8 27.78 10.00 .50
sTawaArRyY (R 10703785 J.30 7.26 7.5 20,15 1.90 1,50
GRID 805 07/05/8% 4 60 10,12 7y.8 0.7 11,00 1.90
crRID 130) 06719/78S 4,20 9.24 73.0 28.74 $.00 1.70
STRWARAY CR 10/03/8% 3.%0 7.10 15.5 29.72 3.40 1.30
GRID 11303 05/22/8S 4.95 10.89 77.% Jo.s0 9.40 1.40
GRID 11302 06/07/8S 4.9% 10.89 77.5% 0.9 7.%0 1,80
STRAWARRY (R 10/03/8S 4.20 9.24 78.0 ‘0.7 V.70 1.60
STAWORRY (R 10/0378% J.80 8.3e 798.2 30.79 1.%0 1.%0
BATLEYS MAR 06/79/85 6. 10 13.42 8.5 32.09 T7.20 2.10
cain 1303 06/19/8% 7.10 15.682 [ LI 3. 9.00 2.00
WHITEFSH PT 07/0%5/89% 8.55 14 41 04,7 3.3 8.%0 3.10
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Table 3-1! (continued)

) 8

wATEQADY

(]
ix
(W
(]
L
[
L n
(]
(]
L
(]

STURGH BAY

MM
Mot
MM
MYCH
MO
MELM
MM
M)CH
MI(H
WOy
MM

LOCATION DATE wl wiLn w! L8 LNGTH Cls LNGTM IN PCY FAY LimMee PCH

GRID 1303 06/0778S% 6.0 14_74 85.0 33,48 13.00 J.2v
GRIO 1302 07/0678% 6 10 13 42 85.0 3).46 6.50 1.60
GRIO 1303 07/06/85 1.3S 16,1 85.0 J). a0 9.00 2.20
GRID 120) 0n1/06/8% 5.9% 13.09 8%.5 3).66 $.90 1,10
GRID 809 0n/29’0", 1 &0 16,7 LR ] Je.25 10.0C 2.50
CRID 110) NR/19/AS R KBS 19 o 9.5 36.02 1,00 4. 00
GRID 1303 07/06/RS 1 70 16.9a 9.5 36.02 9.00 2.70
GRIOD B80S 06729/85 8.00 $17.60 92. 36.25 7.90 2.50
GRID BOK 07/19/8% 9 20 20 .24 92.% 36 42 8.90 2.70
GRID 130) 071/20/8% A a5 18.59 9).5% 36.81 9. 40 2.20
STURGN BAY 07/20/8% 10.50 23.10 96.5 31.99 11,00 3.%0
SHIP CANAL 08/28/85 100.5 39.57 6.10 5.50
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LK
("
LX
LK
LK
(4.3
L
LK
LR
tx
[
tn
L
Lx
[
L
LK
LK
L
oMt
.
L
LK
L
Le
(]
L
Q]
Lr
i
L
L
Lu
Lx
Lx
Lx
L
i”
e

r

[

X T ® - £ ¥ € X -~

- - -

MICH
MICH
MICH
i
MICH
MiCH
ulcH
MiCH
il
MIcH
wicH
MICHM
MICH
MicH
MICH
MK
MicH
MI(H
MilH
R R
Mior
g
4100
MICH
MicH
wiCH
MM
MICH
MICH
I
®ir
wieH
MO
M1
Mi(H
MICH
RN
MO
RN
MO
e
MiCH
Myt
it
RN
@]
MICH
MifH
Ml

GRI1D
GR10O
GR10
LR10
GR1I1O
GRID
GR10D
GRI1D
GR1ID
GRI1D
[ )
GR10D
GRID
GR1D
GRI1O
GR1D
GRI1D
GR]D
GRI1D

RIWANLS P

GRID
GRID
GR1D
GRI10O
GRID
GRIO
GRID
GR10
GRID
GR1IO
GRID
GRID
GRIO
GRI1O
oGrIn
Grin
[P RN
caeio
GRID
GRIOD
GR1D
Giti
aaip
GRI1D
GRID
GR10
GRr10
GR1I1D
GR10D

Table 3-15

1985 Lake Michigan Salmomid Data

Southem 2one

Chinook Salmon

_tocatiow

1102
2102
2102
2102
21102
2102
15072
2102
13012
1502
1507
202
2102
AL
1502
1502
1502
1502
1502

1902
1502
1502
1502
1502
15012
1502
1507
15012
1502
1502
1503
1502
t502
1502
1902
15072
1502
1502
1502
1502
1502
1507
1502
1502
1502
1502
15072
15012

NILO

DATE wv wr_Le LNGTH C LHGTH 1M PCY FaY Lingy PCO
06/2V/8% 0.3 0.73 37.0 12.60 13.00 0.42
06/721/8% . . 35.9% 13.98 1.80 0.3
06721/8% . . 36.0 14 .47 1.80 0.44
067217989 0.%¢ 1.2) 38.0 14,17 0.90 0.38
06/21/8% 0.4) 0.95 36.0 14,17 0.70 0.3e
06721785 0.44 0.97 6.5 14.)7 0.70 <QUANT, 0.10
071717788 0.40 0.68 36.95 14,37 V.00 0.25
06/2)1/8% 0.860 1,232 7.0 RER-1 A . 1.00 0.29
07/V7/8S 0.40 0.88 37.0 ts 87, 1.20 0.0
01/11/8% 0.as 0.99 J8.0 14,96 0.90 <QUANT, 0.10
0r/717/8% 0.40 0.88 Js.o 14 .98 0.50 0.)7
06/72V/8% 0.5% 1.2 38.5 1516 1.0 0.53
06721785 0.5%) 1,17 9.0 15.3% 1.00 0.%2
0R/2v/78% . . 39.0 15.35 1,40 0.36
0r711/88% 0.%0 1.0 39.0 15,38 0.80 <QUANT 0.0
01717708 0.5% .29 39.0 15,38 2.00 0.47
0oB/710/8% 0.70 1.5 40.0 15,77 1.70 0.3
07/717/8% 0.65% 1.43 40.5% 15.9 4.00 0,47
071/17170% 0.%% 1.2y 40.5 15.9. 1.0 0.28
039/72%5/85% 0.7% 1.6% 4.0 6. %4 9.10 2.70
on/10/08 0.63 V.43 41,0 18,14 0.9) <QUANT 0.0
On/1078% 0.6% 1.43 41.0 16, %4 0.68 <QUANT , 0,10
07717783 0.60 1.32 42.0 18,58 1.20 0.20
0o6/71078% .78 1.8% 42.0 18, .54 1,60 0.32
OR/10/05 0.080 1.76 42.0 16.%4 1.40 0.29
08/10/78% 0.80 1.78 43.0 16.93 1.60 0.32
DA/ 10/0% 0.0% 1.97 43.0 16.9) 2.0 0.79
0or/sir/8% 0.70 1.54 43.9% 7.2 0.80 0.2a
08/10/8% 0.00 1.78 43.3% 17.2 3.80 0.54
OR/10/85 0.80 1.76 43.9% 17,142 '.50 0.44
08710785 0.80 1,78 440 17,32 2.10 0.4a
oR/10/0S 0.80 1.76 44.0 17,32 1.00 0.28
08/10/0% 0.90 1.98 44 5 17.%2 2.50 0.2)
OR/710/8% 0.90 Y.98 LY . 17.%2 2.40 0.66
0A/10/8S o w0 1.76 a4 s 17.%2 1.00 0.%S%
OB/ 10785 0.85 V.87 LY I3 17.%2 1,10 0.20
OR/10/0S 0 8S 1.87 a4 5 17.%52 .00 0.39
08/10/89% D.80 V.76 145 17.52 2.60 0.867
OA/10/708S n As v a7 ce. S5 17.5%2 1. 60 0.29
08/ 10/8S J %0 ). 98 4.9 17,82 a_ a0 0.7%
071/117/8% D18 65 v 0 17.72 0.90 0.30
08, 10/8% 0 7% 1.65 45 9 1,72 2.60 0.65
07/715/8% 0 30 t .90 46 .0 16,1 0.88% 0.2
OR/HY0D/NS 0.95% 7 09 6. 0 19,10 0.79 0.2)3
0R/10/8S 0._9% 7 09 a6 0 16,11 1.60 0 J0
DR/YD/BS 0 90 v op ‘6.0 1D,V ). 40 T
08/10/8S t.05 2.3 46 .5 10,31 4.00 0.9)
08/10/05 9.5%0 20 90 47.0 18.%0 2.10 N Ja
01/15/8S 0.90 t.96 47.5 18.70 0.0 u 30
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Table 3-15(continued)

et e

e

WATTRBOY LOCATION DATE wY XILO wY LB LNGTH CM LNGTH IN PCT _FAT LinlY (49
LK MICH GRID 1502 08/10/08 1.0% 2N 47.% 9.70 1.20 0.28
LM MICH GRID 1502 08710/089% 1.20 1.64 49 .0 19.29 3.00 0.60
LK MICH GRID 1502 O8/%0705 1,19 2.%) 49.0 19.29 2.00 1.10
LK MICH GRID 2102 09/0778% t.40 J.o8 50.5% 19.09 4.00 0.9
LK MICH GRID 1502 0r/711708 1.08 2.0 $0.3 19.99 1.00 0.20
ROOT R SIXTH ST 09/719/8% . . 50.8 20.00 3.00 0.90
SHED W WIWANIS PX 09/2%/785 . . $1.2 20.1¢ $.00 1.30
LM MICH GRID 2102 09/07/785% 1.50 3.0 32.0 20.47 2.720 0.49
LW MICH GRID 1%02 OR/ 10708 1,40 J.oe 52.0 20,47 .60 G.65
U MICH GRID V%02 OMN/1070% 1,28 2.7% 3.0 20.87 0.70 0.28
LK MICH GRID 1502 OR/10/8S 1.65 3.6 53.9% 2?.08 4,40 1.10
LK MICH GRID 1502 087107088 1.5% J. &) 54.9% 2 .48 1.60 0.5
L MICH GRIO 2102 09/07/8% ).88 4. .07 55.0 21,65 2.60 0.4%
SHED R HiwAN]IS PX 09/21570% 2.%0 5.50 57.8 22.7S $.00 2.60
LN MICH GRID 1302 087107098 2.00 4. .40 59.9% 2).42 3.% 1.10
SHED R NIWAN]S PX 0972%70% 2.71% 6.0% 6.7 24,20 8.00 3.%0
LK WICH GRI1D 2102 06/01/8% 2.22 4,00 62.3 24 .60 9.00 1.10
LM MICH GRID V%02 08/10/8% 2.38 5,47 62.8 2 .80 0.78 0.26
LR NICH GRID 1502 071715788 J.10 6.82 6).0 2- .00 8.80 2.60
wn MICH GRIO 2102 06701708 2.8 4,75 63.% 25.00 9.20 V.20
LK MICH GRID 1502 08/10/0% 2.40 S.20 5.0 25.9%9. 0.82 0.3
LK MICH CRID 2102 06/701/0% 2.19 4.02 65.v 25 .60 5.50 0.91%
SHEM R RIWANIS PX 09/72%/0% 3.00 6.60 67.) 26.50 3.90 2.00
LM MICH GRID 2102 09707703 2.90 8.3 87.4 .26.54 4,30 0.92
SHEB R KIWANIS PN 09725785 J.80 8.36 67.5% 23.97 3.30 1.20
SHERM A KIWANLS PN 09729708 . . 8.8 27,00 2.%0 2.0
LR MICH CRIO 1502 08/1070% 3y, 08 [ A 89.5 27.38 4,40 0.99
LM WiCH GRID 2202 07720708 2.%0 6.38 70.0 27.36 0.80 0.3%
LK MICH GRID 2102 06/01/8% J.on 6.62 70.8 27.80 6.20 0.060
SHEBR R KIWANIS PN 09/712%9/70% J.%0 7.70 10.9 27.9%0 1.20
LM MICH GRID 2102 067017898 4,00 8.80 AN} 28.00 0.90
SHERM R WIWANLS PX 09/725/0% 3.70 8.14 71.0 78.25 2.60
LM MICH GRA10 15012 08/10/9% 3.55 7.8 72.0 20.3S V.30
LY MICH GRID 2102 067017893 3. 46 7.6? 2. 20.%0 2.00
LK MICH GRID 1502 0B/10/709% 3.00 6.60 72.% 28,54 0.6)
LN MICH GRID 1502 08/10/8% 410 9.02 74,0 29.1) 1.20
i MICH GRID 1507 OR/10/78% 3.0 6.812 74.0 29.1) 1.10
LR MM GRID 1507 nN6/29/8% .18 8.25 4% 29.3 1.%50
LM MI(H GRID 15072 08/1078% J.90 8.58 7%.0 29.5) 1.60
LM MICH GRID V5072 RLVAY ¥4 1} .95 8.69 15.% 29 .72 . Y 30
CHEN R KIWANTS PX OV 15785 3 .95 8 69 75.6 2 .75 2.30 ' 40
tu MO GRID 1502 OW/71078% 470 i0.)4e 6 0 2 .92 4. 30 ' 00
X MICH GRID 1901 uh/729785 S 70 11 aa 17.0 JO. 9.80 .50
LM MICH GRI1DO 1502 OR/107085% a 25 9.3 70.0 Jo. $.90 v. 30
L MICM GHID 2102 DL/017BS a.66 10.2% 9.0 31,0 5.60 ' 0
R A WIWANIS PN 09/15/8% . 79.2 31, 0 ?.60 ' 80
LM MICH GRID 1502 OR/I10/RS s 00 1).70 79.9% 31.30 1 RO ? 00
LK MICH GRID 21072 07720785 e 10 9.02 60.0 .50 0.50 0.57
SHEB R KIWAN!S PX 09/2%78% 6.85 15.07 8.9 32.20 4.0 2. 80
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GRIL 1502
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i 217072
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GR10 2001

Table

3-15 (continued)

e ———e——eee s s S = ——
_ DaTE wt _kiLO_ ~ w! LU LNGTH (M LNGTH_IN PCY_FAT LiMtYy Ld9.:]
08/10/85 3.50 1.10 82.0 32.28 1.10 V.30
09/125/85% 82.2 32.36 2.30 2.40
09/75/85% . : 82.% J2.48 3.10 2.30
OR/10/85 S .60 12 3« 82.5 32.48 4_40 2.2C
0A/10/85 6 a5 1¢. 19 A3.0 312.69 5.10 V.40
01/20/8% 5.80 12 76 84.0 3y.o? 9.30 2.80
09/25/85 . . L 31.35 2.40 2.10
06/01/85 6.40 14,08 8s .1 3).50 7.%0 2.10
09/2%/85 . . 85.5 33.66 2.60 2.80
06/25/85 6.05 1IN LI s .00 9.00 3.90
0B/10/85 S.80 12.76 87.0 34.25 4.50 2.30
08/710/8% 6.30 1).86 97.5 J4.45 4.80 2.60
09707785 7.25 15.95 7.8 34,57 3.00 1.20
09/07/85 71.7% 17.0% 88.2 3a.72 V.50 V.20
09/07/85 5.95 13.09 88.8 J4.87 1.50 0.60
06/01/85 5.2 1. s 89 .4 3s5.20 3.00 V.90
01/15/85 8.10 17.02 89.5 35.24 4.60 2.40
09/25/8% . . 89.8 35.3% 2.60 2.80
09/25/85 . . 91.0 35.03 $.30 2.40
071/10/8% 7.60 18.72 93.5 Je. .8 8.20 2.70
09/25/8%5 . . 5.3 37.82 3.00 2.00
06/21/85% 10.32 22.70 98.5 38.00 11,00 2.40
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Table 3-16

PCB Concentrations by Species by Location

Fish PCB Levels

Fish Region # Samples Mean PCB
Brook Trout Main Basin 24 0.82
Northern 17 0.74
Southern 7 1.01
Sheboygan River is8 1.84
TOTAL 42 1.26
Rainbow Trout Main Basin 34 0.65
Northern 14 0.72
Southern 20 0.61
Sheboygan River 12 2.34
TOTAL 48 1.09
Lake Trout Main Basin 147 .64
Northern 65 3.16
Southern 82 4.03
Brown Trout Main Basin 85 2.01
Northern 43 1.94
Southern 42 2.09
Sheboygon River i3 2.48
TOTAL 98 2.07
Coho Salmon Main Basin 68 0.87
Northern 10 0.83
Southern 58 0.88
Chinook Salmon Main Basin 181 1.22
Northern 61 1.45
Southern 120 1.10
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Fish PCB Levels

Table 3-17

PCB Concentrations by Species in Lake Michigan

Fish Region # Samples Mean PCB
Lake Trout Illinois® 6 0.54
Indiana 20 11.16
Michigan S4 1.53
wisconsinP 147 3.64
227 3.72
Brown Trout Illinois® 17 0.66
Indiana 17 3.35
Michigan -— -
wisconein 24 2.64
Wisconsin® o8 2.07
TOTAL 153 2.12
Brook Trout Wisconsin 42 1.26
Rainbow Trout Illinois® 8 0.26
Indiana 15 0.88
wisconsin 4 0.69
wisconsinP 46 1.09
TOTAL 73 0.93
Chinook Salmon Illinois® 27 0.87
Indiana 55 2.20
Michigon 26 0.78
wisconsin 26 2.18
wisconsinD 120 1.10
TOTAL 254 1.39
Coho Salmon Il1linois® 7 0.39
. Indiana Ly 0.85
Michigan 20 1.07
wisconsin 25 0.68
wisconsin® 68 0.87
164 0.84

UBosed on dota from 1984-1985.
DBased on daota from 1985,

-66-



Fish PCB Levels

Table 3-18

Average PCB Concentrotions for Trout ond Salmon by State

State PCB Trout (# fish) PCB Salmon (# fish)
Illinois 0.53 (31) 0.78 (34)
Indiana 5.76 (49) 1.60 (99)
Michigaon 1.53 (54) 0.79 (70)
Wisconsin 2.51 (361) 1.11 (239)
485 fish 442 fish
Average of all states 2.60 (0.13-20.0) 1.14 (0.02-5.04) ~
b
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‘e 3-19

Angler Days, Fishermen and Total Number
of Trout and Salmon Cought in Loke Michigan

Fish PCB Levels

State Fishermen Angler Days Trout Salmon
Michigan 349,000 2,637,000 529,000 1,177,000
wisconsin 240,000 944, 000 182, 300 493, 000
Illinois 634,000 3,569,000 596,000 1,075,000
Indiona 34,000 184,000 40,000 59,000
TOTAL 1,257,000 7,334,000 1,347,000 2,804,000
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Table 3-20

Fish Length Required to Reach the
FDA Limit of 2 ppm PCB Concentration

Fish PCB Levels

Fish Species Size to txceed 2 ppm (inches) p-value
Brook Trout 16.2 0.0032
Rainbow Trout cll below 2 ppm N.S.
Lake Trout 22.8 0.0001
Brown Trout 20.9 0.0017
Coho Salmon all below 2 ppm 0.0001
Chinook Salmon

Northern zone 29.5 0.0001

Southern 32.9 0.0001
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Figure 3-1

Fish PCB Levels

Fish Inventory for Loke Michigan

Alev:ife
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4. Remedial Action Alternatives

4.1. Site Description
4.1.1. VWaukegan Harbor

Waukegan Harbor is an irregularly shaped harbor of approximately
170,000 square meters. The sediments are choracterized by o soft
organic silt (muck) ronging from 0.3 to 1.8 meters deep, overlying o
layer of coarse sand otop a thick loyer of stiff glaocial till (clay).
water depths in the harbor range from approximately 2 meters in the
shallowest portion of Slip #3 to 7 meters in the outer harbor. The
entire harbor, with the exception of the boat launching areos of the
Waukegan Port District, is surrounded by 6 to 8 meters of long steel
sheet piling which generally extends into the sond layer above the
glocial till.

For purposes of this study, bosed on PCB levels in the sediments
ond water, the harbor is subdivided into four areas: Slip #3, the upper
harbor, the lower harbor and the outer harbor. These areos are depicted
in Figure 1-1. Slip #3 and the upper harbor cre the major areas of
concern in Waukegan Harbor since these‘oreas contain the highest levels

of PCBs in both sediment and water.

4.1.2. North Ditch
The North Ditch is a drainage ditch covering approximately 4,300
square meters and is located neor the northern boundary of the OMC

property. The North Ditch is comprised of three areas including: the
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Remedial Action Alternatives

Crescent Ditch, Oval Lagoon and the East-West Channel (referred to os
the E-W channel), ultimately discharging into Lake Michigan (Figure
1-1). The sediments of the North Ditch are composed of a loyer of .
debris, black grit. and fine overlying sand and grovel. The hydraulic
characteristics {depth ond flow rate) of the North Ditch ore influenced
by Lake Michigon. As the water level in Lake Michigan changes with the
wind direction, the depth and flow of water in the North Ditch respond.
AsS a result, the direction of flow is occasionolly reversed. The North
Ditch, in turn, is aon influential factor in the flow of groundwoter in
the area. Depending on the water level in the ditch, it can serve as

either a discharge or recharge boundary for the groundwater.

4.1.3. Parking Lot

The parking lot is o land area of approximately 36,000 square
meters just south of the North Ditch. Presently this oreo is predomi-
nantly covered by asphalt to cccommodate the parking needs of OMC. The
underlying soils have been found to contain elevated concentrations of

PCBs.

&.2. PCB Distribution
4.2.1. Sediment and Soils

Waukegan Harbor: Woukegan Harbor sediments have been found to

contain elevated concentrations of PCBs. Presently there are no active
discharges to the harbor; the sediments comprise the major socurce of
PCBs to the woter column. The mest highly contominated sediments found

in the harbor are concentrated near the western end of Slip #3.
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Concentrations of up to 500,000 ppm PCBs were found in some somples
taken from this region. The sediment somples reflected decreasing
levels with distance from the western end of Slip #3. Neor the mouth of
the harbor, PCB concentrations in the surficial muck are less than 10
ppm. Figure 4-1 presents the overage PCB concentrations of the muck in
Waukegan Harbor as reported in the engineering study conducted by Mason
& Hanger-Silas Mason Co., Inc. (1981),

Although Slip #3 comprises less than 3% of the totol arec of
Waukegan Harbor, it is estimoted that 98% of the total mass of PCBs in
the harbor are contoined in the sediments of this area. Slip #3 is the
only crea of the harbor where PCBs have been detected in the sond ond
clay layers beneath the surficial muck. In some locations, small pools
of PCBs hove formed on top of the clay layer due to the impermeable
nature of the clay. These pools are believed to be confined to a small
area in the northwest corner of Slip #3.

Elevated levels of PCBs were also observed in the soils in the
northwest corner of Slip #3, behind the steel sheet piling which lines
the harbor. It has been suggested that the PCBs found in this soil
originated from two processes: 1) use of dredged materiol os backfill,
and 2) seepage of PCBs behind the sheet piling from the pools on top of
the clay layer in Slip #3.

North Ditch Area: The sediments in the Crescent Ditch and Oval

Lagoon have elevaoted levels of PCBs. Both areas contain pockets of
soil with PCB concentrotions over 50,000 ppm. The location of these
pockets is depicted in Figure 4-¢. The sediments of the E-W Channel

have lower concentrotions of PCBs than the Crescent Ditch and Oval
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Lagoon with an estimated average sediment PCB concentration of approxi-
motely 200 ppm. In the E-W Channel, sediment PCB concentrations
decrease with distance from the Oval Logoon. Figure 4-2 presents the
average PC8 concentragtions fand in the North Ditch area sediments and
surrounding soils. Certain locations in the soils surrounding the
Crescent Ditch and Oval Lagoon also contain elevated levels of PCBs.

Porking Lot Arec ond Groundwater: The general soil profile in the

parking lot area is charocterized by o layer of fill and two distinct
layers of sond overlying a silt layer contoining pockets of gravel.

In a groundwater study comﬁleted in 1981 by JRB Associotes, two ground-
water and s$0il "hotspots™ were identified. One in the Crescent
Ditch/Oval Lagoon vicinity; the second is locoted south of the E-W
Channel near the east end. The soil "hotspots” are diagrammed in
Figure 4-2.

In the groundwater, PCB concentrations were reported to exceed
10,000 ppb in both areas, and concentrations up to 100,000 ppm have been
found in the soil. Since the values reported for the groundwater sam-
ples significantly exceed the solubility of PCBs (approximately 0.2 ppm)
these somples moy hove been appreciably contaminated with surrounding
soils or may reflect the presence of a co-solvent. Four groundwater
flow patterns were identified by JRB Associates during 12 nonconsecutive
days of observations. Under the majority of flow conditions, ground-
water is believed to discharge directly into the North Ditch.
Groundwatar flows into Loke Michigan under two types of flow that
occurred on & of the 12 observation days. Presently, Lake Michigan is

not believed to be receiving a significant PCB load from the groundwater
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in the North Ditch orea. However, JRB projections (JRB Associates,
1981) indicate that in opproximately 60 years the parking lot area may

become a source of PCBs to Lake Michigan through groundwater migration.

4.2.2. Water

Woukeqan Harbor: Many factors influence PCB concentrations in the

water column, but the major source of PCBs to Waukegan Harbor water is
the underlying sediment. Therefore, the general trend of woter column
PCB distribution reflects that of the sediments. PCB concentrations in
the water are greatest in Slip #3 and decrease with distaonce from the
slip. Although the water column has not been as extensively analyzed as
the sediments, some daoto do exist. Reported or estimated values
representing averaoge PCB concentrations in the water in the late 1970s,
are presented in Table 4-1. PCB daota for water have been collected at
two locations in the harbor over the paost nine years and is presented in
Figure 4-3. The samples are collected and analyzed monthly as part of
the monitoring requirements of OMC's NPDES permit. The sampling
stations are located at two cooling water intaoke pipes; one located in
Slip #3 (HI-2); the other in the upper harbor across from Slip #1
(HI-1).

North Ditch: PCB concentrations in the water of the North Ditch are
principally influenced by PCB concentrations in the underlying sedi-
ments. Additionolly, the North Ditch serves primarily as a discharge
boundary to the fill-sand aquifer described above. Groundwater
flows to the North Ditch under the rigjority of groundwoter flow patterns

and mgy transport PCBs. Therefore, the groundwater is potentially a
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second source of PCBs to the North Ditch water.

Characterization of the PCB concentrations in the North Ditch water
column is difficult due to the paucity of data. However, the water of
the Crescent Ditch has been estimated to have an historic average PCB
concentration of 7.0 ug/? (Thomann and Kontoxis, 1981). A rough
estimation of the average concentraotions for the other areos of the
North Ditch may be made by considering the relative concentrations per
area during a storm event as modeled by Thomonn and Kontaxis (1981) ond
with the ossumption that the concentration rotios remcin constant under

average ambient conditions. Approximate PCB concentrations in the North

Ditch are given in Table 4-1.

4.3. Record of Decision Alternative (ROD)

Since the discovery of PCBs on the OMC site, many studies have been
undertaken to determine the distribution of PCBs, export of PCBs from
the site and the potential impact of PCBs originating from this site on
aquatic and humon life. Utilizing the information gothered from this
site, including site specific PCB transport modeling completed by
Thomann and Kontaxis (1981), ond knowledge of PCBs in general, the U.S.
EPA stoted that remedial actions in Woukegon Harbor, the North Ditch and
porking lot areas of the OMC property are necessary. Further, cleanup
of contaminoted oreas containing greater than 50 ppm PCBs was deemed
appropriate.

Based upon the Toxic Substances Control Act (TSCA) and the National
Contingency Plan, the EPA ot first selected a cost-effective clean-up

plan which the ogency believed was consistent with other environmental
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laws and applicable to the site. The total cost of this remedy was
estimated to be nearly $75 million (USEPA, 1984). Since the EPA must be
able to oct on a number of sites which may pose threats to environmental
and/or human health, the agency determined thot the cost was inappro-
priately high and a fund-balanced approach was sought.

The EPA subsequently selected a fund-balanced remedial action plan
which is put forth in the Record of Decision (ROD) (USEPA, 1984).
According to the EPA, this plan does not meet all TSCA requirements and
is deemed to be less protective than the cost-effective plan mentioned
above. Nonetheless, the fund-balanced remedy is expected by EPA to be
effective in preventing the migration of PCBs from the site which would
threaten public health, welfare or the environment (USEPA, 1984). The
fund-balanced action (ROD) is summarized in Table 4-2 and described in
the paragraophs below.

The exact construction designs, and schedule for implementation of
this remedial action alternotive have not yet been completed. Many of
these details ore necessary to fully complete this risk assessment. In
instances where the required details were not available, assumptions and
estimates were made. Thgse estimates and assumptions are indicaoted

below.

4.3.1. Waukegan Harbor

Under the Record of Decision olternative, all sediments in Waukegan
Harbor contoining PCBs with concentrations greater thon 50 ppm are
designoted for removal from the harbor and subsequently confined to

prevent migration of PCBs into the environment. The sediments
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containing levels higher thon 10,000 ppm will be removed and disposed of
offsite in o licensed chemical landfill. Those harbor sediments
containing less than 10,000 ppm PCBs will be dredged and ultimotely
confined'in a containment cell to be constructed on the OMC parking lot.
Roughly 300,000 cubic yards of sediment will be removed from the harbor
under this alternative.

Hotspots: Hotspots are defined herein as those areas where PCB
concentrations exceed 10,000 ppm.‘ There is one hotspot in Waukegan
Harbor, near the northwest corner of Slip #3. 1In this vicinity,
elevated levels of PCBs hove been found in the surficial muck, under-
lying sand aond clay and the soil behind the steel sheet piling. All
this materiol, roughly 5700 cubic yards, will be excavated and disposed
of offsite in a licensed hazardous waste facility.

In order to proceed, a cofferdaom will be constructed surrounding
the sediments and soils at the western end of Slip #3. At this time the
exact construction characteristics and placement of the cofferdom are
uncertain but reflect a configuraotion suggested by Mason & Hanger-Silas
Moson Co., Inc. (1981). Once the cofferdam is in place, the water will
be pumped from the confined areaq, treo;ed to remove the PCBs ond
subsequently returned to the harbor. The sediments will be fixed to
help minimize volatilization, excavated and tronsported to the hazardous
waste facility.

500-10,000 ppm PCB: An estimated 5000 cubic yards of sediment found

in S1in #3 and the uppermost portion of the harbor contain PCB levels
between 500 and 10,000 ppm. This material will be dredged, dewatered

and disposed of onsite.
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A silt screen will be ploced across the upper harbor just above
Slip #1 to minimize transport of sediment and particulate PCBs into the
lower harbor. A hydraulic or pneumatic dredge will most likely be used
to remove the surficiul muck and deposit it into a dewatering lagoon
(OMC-1) to be built on vacont OMC property. The sediments will be fixed
to minimize volotilizotion during dewatering. It is not clear whether
long term dewatering will occur or if pumping will be employed to
minimize the time of environmentol exposure to PCBs. Once dewatered,
these sediments will be ploced in a containment cell which is to be
built on the OMC parking lot.

50-500 ppm PCB: Approximotely 75% or 35,700 cubic yards of the

haorbor sediments sloted for removaol under the ROD alternative aore esti-
mated to contain between 50 ond 500 ppm PCBs. These sediments are in
the upper harbor and will be dredged, dewatered and disposed of onsite.
The silt screen will remain in place while the lower part of the
upper harbor is dredged. The dredged material will be deposited in a
second dewatering lagoon (OMC-2) to be built adjacent to OMC-1 on vacant
OMC property. The sediments will be left to dewater over an approximate
two year period before disposal in the containment cell to be built on

the OMC parking lot.

4.3.2. Dewatering Lagoons

Under the ROD remedial action alternative two dewatering lagoons
will be constructed on vacant OMC property located just easi of the
herbor and north of Outboaord Mori..e Corporation Plant #1. This vacant

property is identified on Figure 1-1. The dimensions of the lagoons are
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not given but are importont for the estimation of volatilization rates
and subsequent ossessment of risk due to inhalation of PCBs. Therefore,
estimaotes of the sizes of the dewatering lagoons have been made.

Mason & Hanger-Silas Mason Co., Inc. (1981) indicoted that the
water surface area of a proposed lagoon at Waukegan Harbor, when full,
would be opproximately 280,000 square feet (26,000 square meters).

The sizes of the lagoons were estimated as proportional to the volume of
dredge materiol to be deposited, under the ossumption that the slurry in
the two lagoons will have a combined surface area equal to that of the
single, previously proposed lagoon and that the slurry in both lagoons
will have equal depths. The lagoons, when full, will be about 13 feet
high (4 meters) and the estimated surface areas of the slurry in
dewatering lagoons OMC-1 and OMC-2 will be approximately 35,200 square
feet (3,270 square meters) and 244,800 square feet (22,750 square

meters), respectively.

4.3.3. Parking Lot

The soils beneath the pavement of the parking lot will not be
removed. Instead, a containment cell will be built in the area for
confinement of these soils and the dredged sediment from Waukegan Harbor
and Slip #3. The sediment will be brough£ to the parking lot, graded,
compacted and contoined by slurry walls which will penetrate the soil
down to the glocial till. Finally, the cell will be capped with an

impermeable material aond coveracd with pavement.
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Although the size of the containment area was not reported in the
Record of Decision, its height above ground is estimated to be 14 feet
after completion. Disregarding the thickness of the cap and assuming
that the dredged sediment from Waukegan Harbor and Slip #3 will be
deposited at ground level, the containment cell will have an estimated
area of 78,500 square feet (7,300 square meters) inside tha slurry

walls.

4.3.4, North Ditch Areo

The ROD remediol action al.ernative calls for confinement of all
materials with PCB levels greater than S50 ppm. As in the harbor,
hotspots (>10,000 ppm) found in the North Ditch area will be excavated
and disposed of offsite in o licensed hazardous waste facility. The
sediments and soils containing less than 10,000 ppm PCBs will be
excavated and contained onsite. It is estimated that nearly 53,000
cubic yards of sediment and soil will be confined to minimize PCB
migration into the environment.

Under the ROD olternative, o bypass drainage pipe will be con-
structed in the North Ditch to prevent further transport of PCBs from
the North Ditch and surrounding soils into Loke Michigan. Any material
excavated during this construction will be deposited in a containment
cell to be built in the Crescent Ditch/Oval Lagoon area. The Crescent
Ditch, Oval Lagoon and E-W Channel of the North Ditch will then be left
to dewoter in place by evapcrati~on, or the water will be decanted,
treated and returned to Loke Michigon. The Record of Decision does not

indicate whether any of the sediments or soils will be fixed to minimize
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volatilizotion from the exposed area.

Prior to the construction of the containment cell, an estimated
5500 cubic yards of sediment ond soil in and eround the Crescent Ditch
and Ovaol Logoon must be removed. This material contains PCBs in excess
of 10,000 ppm. Once excavated, this material will be transported
offsite for disposal in a licensed hozardous waste facility.

The contoinment cell will be built in the area of the Crescent
Ditch and Oval Lagoon. Slurry walls will be constructed down to the
glaciol till to minimize migration of PCBs. Sediments in the North
Ditch area containing less than 10,000 ppm PCBs will be excavated and
disposed of in this containment cell. Wwhen the excavation is completed,
the cell will be covered with an impermeable cap.

Although the size of the containment cell is uncertain, an estimate
can be made utilizing ossumptions similar to those stated above. In
this case, however, the height above ground must also be assumed.
Fourteen feet was chosen as the height above ground for consistency.

The areo of the cell, inside the slurry walls, would then be approxi-

mately 92,000 square feet (8,550 squore meters).

&.4. In-Place Containment Alternaotive (IPC)

In accordonce with the EPA's decision thaot all sediments contaomi-
nated with PCB concentrations greater than 50 ppm be ccntained, the in-
place containment (IPC) alternative will confine, onsite, 0ll sediments
in Waukegan Harbor and the North Ditch Area with PCB levels higher than

50 ppm. A summary of the IPC alternaotive is presented in Table 4-3.
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&.4.1. Waukegan Harbor

Under the IPC alternative a containment cell would be built in the
Slip #3 corea of Wnukegan Harbor. A sheet pile/sand wall and a slurry
wall would be constructed across the mouth of the Slip. The cell will
have an areo of approximately 54,000 squore feet (5,000 square meters).
Figure 1-1 indicates the approximate location of the outer wall of the
containment cell at th; boundary of Slip #3. Once the slurry waoll is
completed, the sediments in Slip #3 will be essentially confined ond
isolated. Sediments from the upper horbor with PCB levels greater than
50 ppm will be dredged and deposited in the containment cell in Slip #3.
These sediments will be dewatered in-situ by pumping the water to a
local treatment facility once sedimentation has occurred. A high volume
woter treotment plont will be employed to remove PCBs from the water

before returning it to the harbor.

4.4.2. North Ditch Area

The IPC alternative proposes construction of a storm drain to
divert surface runoff and cooling water oway from the North Ditch
directly into Laoke Michigan. The entire North Ditch will then be
dewatered in place either via evaporation or by deconting. Once the
sediments core dry, the Crescent Ditch, Ovol Lagoon and E-W Channel will
be filled, capped with clay and covered with tonsoil and vegetation.
The North Ditch is presently 3 major influential factor for groundwater
flow in the area. Filling the Ditch will probably olter the groundwater

flow patterns. Therefore, reaosonable estimotes of PCB transport after
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the Ditch is filled ore precluded. Under the IPC alternative, o study
will be conducted after the North Ditch has been filled to assess the
need for further action to minimize, if necessary, the migration of PCBs

through the groundwater.

4.4.3. Parking Lot

Although no immediate action is proposed specifically for the
parking lot, the storm drain will be constructed through a portion of
the parking lot. Any materiol excavated during the construction
activities will be placed in the Crescent Ditch before filling and
capping. The remainder of the soils in the parking lot will remain
undisturbed. As in the North Ditch area, monitoring will be conducted
and the need for the octions to minimize groundwater transport of PCBs

will be assessed.
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Table 4-1

[PCB] in Water Column

Location Average [PCB] (ppb)
Waukegan Harbor

Slip #3 0.51

Upper Harbor 0.39

Lower Harbor 0.26

Outer Harbor 0.185
North Ditch 7.00%

Crescent Ditch 8.05

Oval Lagoon 7.00

E-W Channel 5.08%

% Reported
*» EFstimated
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Table 4-2

Record of Decision Alternative Summary

Volume
Contamination Sediment Removal )
Location Level (v03) Method Treatment Disposal
Slip #3 - near >10,000 ppm 5,700 excavate w/ fix, treat offsite
zm OMC outfall cof ferdam wate
Slip #3 and 500-10, 000 ppm 5,000 dredge using dewt ter- Parking Lot
S er Harbor silt screen oMC 1, capped
PP treat water conta.nment
fix sediments cell
50-500 ppm 35,700 dredge using dew ter- Parking Lot
Upper Harbor PP silt screen oMCc - 2, capped
treat water containment
cell
Oval Lagoon and >10,000 ppm 5,500 excavate offsite
Crescent Ditch
. <10,000 ppm 47,300 “excavate dewater in Oval Lagoon,
North Ditch place after Crescent Ditch
installation orea, capped
of by-pass containment
pipe cell
. all 105,000 none graded, in-situ w/
Parking Lot compacted slurry wall,

imperm. cap
and pavement
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Table 4-3

IPC Alternative Summary

Location

Description

North Ditch

Parking Lot

Slip #3
Upper Harbor

Construction of storm drain to divert
surface runoff ond cooling woter away
from North Ditch into lake directly. Any
removed maoterial is placed in Crescent
Ditch.

Fill in ditch, Crescent Ditch and Ovaol
Lagoon, cap with clay ond cover with
topsoil and vegetation.

Construction of monitoring wells.

No aoction. Any material removed during
excavation for storm droin will be placed
in Crescent Ditch.

Slurry wall will be built between Slip #3
and upper harbor; upper harbor dredged to
50 ppm PCB slurry deposited behind slurry
wall. Sediments dewatered, water
treated, cell capped with clay.

New slip for Larsen Marine
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Figure --1. Average PCBE Levels in the Surficial Sediment of
Waukegan Harbor (rg/kg-dry weight)
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5. Source ana Fate Assessment

5.1. Background

Water quality assessment often requires integrotion of scientific
information in an effort to not only understand present conditions, but
to also moke knowledgeable predictions about future woter quality. A
principal tool that the scientific and regulatory community uses to
integrate various information is the water quality model. Water quality
models con permit comprehensive site-specific contaminant gssessments.
Models of water resources have played a role in regulatory decision
making for the laost two decades. In fact, mathematical models are now a
part of federal regulatory guidelines for predicting system response to
various remedial alternotives (USEPA Waoter Quality Assessment, 1985;
fFederal Register, 1986).

wWater quaolity models are designed to represent known processes
which influence the fote of a chemical of interest in an aguatic system.
In this study the fate of polychlorinated biphenyls (PCBs) in response
to proposed remedial actions is of interest. The fate of PCBs is an
important component in determining the degree of exposure which is
information required by the risk assessment. Specifically, a PCB model
can simulote and forecost the level (or concentration) of PCBs in
environmental compartments. These compartments mny include the water
column, underlying sediments, and fish.

Several models of PCBs in Lake Michigan have been developed in

recent years. Rodgers (19882) developed o PCB model to assist EPA and
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others in assessing the relative importance of various sources of PCBs
to the observed levels in Loke Michigan. The model was used to predict
the response of PCBs in water and sediment to selected loadings of PCBs
to the loke. Rodgers and Swain (1983) further developed this model
to permit o retrospective assessment of historicol loads based on
scientific inference from historical PCB levels in fish. This model
enabled a forecast of expected compliance times to FDA consumption
guidelines in Lake Michigan. Thomann and DiToro (1983) developed a
toxic substances model for the Great Lakes in which they examined the
fate of PCBs. The kinetics and the fate predictions of these models are
quite similar. The only difference of note is that Thomann and DiToro
indicated that volatilizotion might be a process of some importance to
long term fate.

Thomann and Kontaxis (1981) developed a model of Waukegan Harbor
(the study area) which was documented in a U.S. EPA Project Report, but
not published in the scientific literoture. This mcodel had more
detailed physical definition, but similer solids and PCB kinetics as the
models previously discussed. This model of PCBs in Waukegan Harbor was
formulated to estimate the export of PCBs under present conditions. The
model olso evaluoted response to various incremental remedial actions.
These evoluations defined the magnitude of the expected response in
harbor PCB levels to remedial action goals. Additionally, the model
demonstrated thaot concentrations of PCBs in the nearshore area were only
slightly affected and in-lake concentrotions beyond 750 meters from the

harbor mouth were not impacted apprecicbly by the remedial clternatives.
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Since the risk ossessment conducted in this study requires
confirmation of past evaoluations os well os odditional aossessments, o
mathematical model of PCB fate in the vicinity of Waukegan Harbor has
been developed, calibrated and applied herein. The specific model
fromework described in Section 5.2. However, the model kinetics are very
similor to the efforts discussed above. The model is used to examine
the response in PCB levels in water and fish for two remedial action
scenarios. PCB transport from water to the atmosphere vio volatili-
zotion is olso examined as a consequence of these actions. These results
define the potential exposure to PCBs which ore used to estimate the
potential impact of the alternotive remedial actions on human health.
Model results also yield insight into the physical nature of the harbor
and help identify the prominent processes which influence the fate

(movement and longevity) of PCBs in the harbor and nearshore waters.

5.2. Model Framework
5.2.1. Kinetics

The fate of PCBs in aquatic environments is closely tied to the
dynamics of resident solids because of the hydrophobic (lipophilic) and
hence adsorptive nature of PCBs. The reactivity of PCBs, both chemi-
cally and bioclogicaolly, also influences the fote and longevity of PCBs
in the environment. Since the principal exposure of PCBs to humans is
through the food chain, the bioconcentration of PCBs in fish is of
interest in an assessment of risk. For these reasons the model frame-
work discussed below is presented in three parts. These include: 1)

Solids Dynamics; 2) PCB Kinetics; and 3) Fish Bioconcentrotion.
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General characteristics of the PCB model include:

¢ Time-voriable and steady-state simulaotion

e Hourly calculotion

e Two-dimensional segmentation

e Total, particulate, and dissolved PCBs simulaotions

e Water and fish PCB levels modeling

e Staote-of-the-art PCB kinetics

e Atmospheric load calculations
The specific aspects of the mocdsl framework and the segmentotion of the
study area are presented in the remainder of this section.

Solids Dynamics: The dynamics of solids in aquatic environments

substantially influence the fate of hydrophobic hydrocorbons, such as
PCBs. PCBs adsorb to solids and then become subject to the fate of the
resident solids. Therefore, the ultimate fate of many portitioning,
persistent organics is in the sediment layer underlying water bodies.
The PCB model simulates the dynomics of solid concentration in a water
column ([Solids]) as a function of time as indicated in the mass balance

equation:

Change in [Solids] = External looding + Sediment loading (Resuspension)

- Advective outflow - Settling + Dispersive exchange

The solids tronsport simuloted by this mass balance aoffects the fate of
portic:inte PCBs.
The Waukegan Harbor site is principally an in-place pollutant

situation. Active external sources to the harbor have essentially
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ceased. Therefore, the only remaining source of PCBs to the water
column is from sediment loading due to resuspension of contaminated
sediment. A competing process is the settling of solids. Settling of
solids from the water column is an important process in Waukegan Harbor
since the harbor is a known depositioncl zone. Approximately 475,000 kg
of solids are estimated to be deposited within the harbor each year
(Thomonn and Kontoxis, 1981).

The mognitude of these two solid transport processes are determined
by calibration to field dota. However, the calibrated coefficients must
remain within the range of values characteristically evaluated for
settling and resuspension. These considerations and others are
discussed in the Model Calibration section.

PCB Kinetics: The kinetic structure applied in the study is similar
to previous studies of PCB fote in Loke Michigan and elsewhere (Rodgers,
1982; Thomann and Kontaxis, 1981; Thomann and Ditoro, 1983). A schema-
tic diagram of the PCB kinetics and tronsport mechonisms is presented in
Figure 5-1, The mass balance for PCBs in the water column over time 1is

simulaoted as:

Change in [PCBs] External looding + Sediment loading (Resuspension)

I+

Dispersive exchange - Advective outflow - Volatilizotion

Settling

This mass balance for PCBs is similar to thot presented for c~lids,
except for the inclusion of volatilization. An important feature of

this mass balonce equation is that some processes, like settling, impaoct
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only the porticulate fraction of PCBs, while volatilization operates
only on the soluble fraction. Therefore, the model must differentiote
between particulate and soluble fractions of PCBs. Calculation of these
two fractions is dependent on the assumption of equilibrium kinetics
when describing adsorption and desorption phenomena. Based on an
equilibrium assumption, a partitioning coefficient (pi) emerges which
describes the ratio between PCBs adsorbed on the solids versus that
portion in the woter ot equilibrium. This assumption is a part of
contemporary models of PCBs and is valid for typical site aond management
evaluation.

Using equilibrium kinetics of PCB adsorption the dissolved (d) and
particulate (p) fractions of total PCBs can be described, respectively,

as:

[PCB]d = [PCB]totol { 1 );
1 + pi (Solids]

and

[PCB]p =1 - [PCB]lyq = pi [Solids] {PCBltotal
1 + pi [Solids]

The selection of the volue for pi and other model coefficients is
described in Model Cclibration.

Volotilization is the process of o contominant (e.g. PCBs) moving
from one physical phase (e.g. aqueous) to another phase (e.g. gas) due
to o concentration gradient overco~ing an interface resistarce. The
transfer process from water to otrasphere is dependent on the chemical

and physical properties of the chemical, the physical properties of the
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woter body and atmosphere, and the influence of other pollutants. The
properties of the chemical that control volatilization rates are its
solubility, molecular weight and vapor pressure. Modeling of the
process frequently utilizes a two-layer film resistance formulation
(Liss and Slater, 1974). The model simulates volatilizotion aos a
diffusion process where the mass transfer coefficient (KL) is the sum of
the resistance of the liquid phaose and the gas phose. A review of
literature values and theoretical derivation of volotilizotion rotes are
presented in the Model Calibration section.

Fish Bioconcentration: PCBs c-e known to be distributed omong all

environmental compartments. Therefore, many potential humon exposure
routes exist. Yet, the principal exposure route has been shown to be
typically via the consumption of contaminated fish (USEPA, 1980). This
is so because fish are known to bioconcentrate lipophilic hydrocarbons
such as PCBs. As o result, the ratio of the mass of PCBs per mass of
fish will exceed many fold the mass of PCBs per mass of ambient water.
There is a substantial datc bose identifying levels of PCBs in Lake
Michigan fish. A bioconcentrotion factor (BCF) for these fish may

theoretically be calculoted as:

BCF = Pp/Py

where

Pr = PCB level in fish (mg/kg)
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Pw = PCB level in water (mg/!).

The EPA (USEPA, 1980) aossessed the value of a bioconcentration
factor (BCF) as being 31,200 (mg/kg - wet fish weight per mg/f PCB in
the water) through loboratory evaluations. This BCF figure is an
average for a "variety of saltwater and freshwater orgonisms.”
Derivation from field data is difficult because "the exposures of the
organism caonnot be adequotely documented and integroted..." (USEPA,
1980-p. C-13). However, Rodgers aond Swain (1983) reviewed ovailable
fish levels of PCBs in the upper Great Lakes and estimated a range of
concurrent water levels. The calculoted BCFs ranged from fifty thousand
to severcl million. The large ronge in estimated values wos principally
due to the uncertaointy of PCB levels in the ambient water.

Estimation of future PCB levels in fish can be calculated through
multiplicotion of a representative BCF with projected water levels.
Special consideration should be given to the applicaotion of the BCF to
specific areas where the fish populotion is transient due to migration.
For the OMC study area, the seasoncl distribution of fish becomes
important in the assessment of risk because only o small percentage of
fish will reside in the areas significantly impacted by the site, and
then only for a portion of the year. Direct applicotion of the BCF to
the levels of water column PCBs projected for the study area would
probobly result in overestimotes of the fish PCB levels and, ultimately,
unregsaonable estimates of associoted risk.

Extensive site specific daota vould be required to establish a BCF

that would occount for the transient nature of fish in the study areaq,
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Because site specific fish and concurrent woter dote are virtually
nonexistent, the BCF determined for Laoke Michigaon must be relied upon.
However, the BCF equation can be modified to account for the fraction of
time that fish will be exposed to the levels attributable to the OMC
site.

If it is assumed that the fish will reside in two areas with
different ambient water PCB levels, the BCF can be modified through the
incorporation of residence weighting factors that represent the fraction
of time that a percentoge of fish will reside in the respective areas.

The final colculation of the PCB level in fish (Pg) is represented os:

PF = (tq * Pyq + t2 ® Py2) * BCF

where

tq = the residence weighting factor representing the fraction of
time that fish reside in area 1

t2 = the residence weighting factor representing the froction of
time that fish reside in area 2

Pw1 = the average ambient water PCB level for area 1

Pw2 = the average ambient water PCB level for orea 2

The values for the equation parcmeters are derived in model application

and therefore are discussed elsewhere.
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5.2.2. Model Segmentation

A mathematicol model framework is composed both of kinetic and
physical components. The kinetic components were discussed previously.
The physical representation that is used in o model is guided by severa®
site and problem specific characteristics, including:

1. physical dimensions;

2. topography;

3. wvariability of the contaminant distribution;

4. spatiol resolution of management inquiries;

5. computational considerations.
Incorporation of these choracteristics into a proper segmentation scheme
for the study site is dependent on the expertise of the model developer.
However, the performance of the model to simulaote available field datc
and to onswer intended management questions provides an objective
assessment of the approprioteness of the segmentation.

The model segmentation selected in this study for Waukegan Harbor
and the lake in the vicinity of the harbor is presented in Figure 5-2.
The study site is about 2.2 kilometers (1.4 miles) east to west by 2.6
kilometers (1.6 miles) north to south. The site is divided into 37
segments. The harbor channel is composed of the initial 12 segments,
while the remainder of the study site is defined by 25 segments. All
segments cre considered completely mixed. The underlying sediment layer
was considered to interoct with the overlying woters with no horizontal
movement of the sediment bed. Traonsport between segments inc..des both
advective and dispersive processes. The definition of this transport is

relaoted in the model calibrction section. Both the physical segmentao-
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tion aond transport scheme of the mcdel are very similar to those applied

in EPA's evaluation by Thomann and XKontoxis (1981).

5.3. Model Colibraticn

In order for the model to be useful and reliable os o predictive
tool, it must be able to accurately simulate the site-specific fote and
transport processes of the system. Determination of the transport and
kinetic porameters as well as a demonstration of the model validity con
be achieved through model calibration. This section presents o discus-
sion of the methods and results of the independent colibrotions of
hydrodynamic tronsport parcmeters, solids transport parometefs. ong PCB
fate parameters.

The data used for the calibration were collected prior to 1981.
Lack of a complete set of recent data precluded calibration to present
conditions. However, water data for two locotions in the harbor have
been collected monthly over the past nine years. An analysis of this
data indicates thot the average PCB levels in the harbor have decreased
approximately 50% since 1980. A discussion of this analysis is provided

at the end of this section.

5.3.1. Hydrodynamic Transport

The fote and estimated export of PCBs from the horbor is dependent
on the horizontal transport of the water throughout the study arec. In
particular, transport ocross the irterfoce of eoch model segment must be
specified. Definition of the trarsport phenomenon was calibrated by

examining the dye survey conducted by Argonne Notional Laboratories on
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June 4-11, 1979. A known mass of dye (238 grams) was released in the
inner harbor (Segment 2). The horizontal transport coefficients of the
model were adjusted until the model output for the conservative dye best
fit the field data measured during the survey week. The model fit is
evident in Figure 5-3 where model output (solid line) is plotted with
the field daota. Of particular note is that during the first doy of
simulation when the dye exhibits the greatest gradient, the model
simulates the harbor gradient quite well. In addition, the horizontal
transport calibrated in this study is quite similar to that reported by
Hydroqual (Thomann and Kontaxis, 1981) as is evident in Figure 5-4. The
horizontal transport is considered by both studies to be sufficient to

describe the long-term hydrodynomic transport of PCBs in the study area.

5.3.2. Solids Transport

Since the fate of PCBs is closely associated with the transport of
solids, determination of the solids dynomics is an important component
of the model calibration. Witnin the water column there are two
competing processes affecting the vertical fate of suspended solids.
These are settling of solids from the water column and resuspension of
solids from the sediments to the overlying water. The settling rote has
been calibrated in many models for a number of different sites. The
settling rote is dependent on the physical characteristics of the solid
particles, including size, shape, and density. Settling of particles is
therefore not aos site specific os it is particle specific. Settling
rates are most commonly between 0.5 ond 2.5 meters per doy. After

testing settling rates within this range for the entire study area. a
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settling rate of 1.0 meter/day proved to be representative of the
observed solids. This rate has some degree of uncertainty within the
stéted range, however Thomann and Kontaxis (1981) olso identified this
settling rate.

The resuspension rate is more a function of the site than the
particle characteristics, although both play a role. The scouring
action which resuspends the sediment is dependent on the energy forces
at the sediment/water interface. This force is related to wind condi-
tions, woter velocity, and depth of the water column. The net result of
these forces on resuspension is made evident by the level of suspended
solids and PCBs in the water column. The magnitude of external loodinés
of solids due to direct drainoge is relotively small, therefore observed
suspended solids reflect net settling and resuspension of solids between
the water column ond the sediments. The horizontal transport of solids
also plays a role, but has been defined by the hydrodynamic calibration
to the dye survey. Therefore, the resuspension of solids in each
segment is colibroted so os to best fit observed field datao. Since the
resuspension of solids with the inner harbor also accounts for the
sources of PCBs to the water column from the in-plaoce pollutants the
resuspension must also fit available PCB datac as will be seen in the
following section.

Figure 5-5 presents the model output of suspended solids as
compared with field daota collected during May of i18979. The model fit
simulaotes both the magnitude ond trend of the available data. Thomann
and Kontaxis (1981) noted that Waukegan Harbor is o net depositional

zone for several hundred thousand kilograms of solids each year. This
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study confirms the observation and notes that a relotively smoall propor-
tion of solids resuspended in the inner harbor is traonsported to the
nearshore zone of Lake Michigan. Insteod, these solids predominantly
resettle within the harbor, while solids originoting from the laoke are

also deposited within the harbor.

5.3.3. PCBs

Two major processes, hydrodynamic and solids transport, which
affect the fate of PCBs have been calibrated so as to simulate dye and
solids data. Based on the model framework discussed previously and the
physico-chemical nature of PCBs only two processes remain which signi-
ficantly impact the levels of PCBs in Waukegan Harbor and the transport
of PCBs out of the haorbor. These processes are the equilibrium parti-
tioning of PCBs between solids and water and the volatilizotion of
soluble PCBs from water to the atmosphere.

The partitioning of PCBs between solids and woter in notural
systems has long been recognized as being an importont process in
determining the fate of PCBs. In fact, partitioning of PCBs onto solids
and the subsequent burial of these solids in the sediment layer is a
major loss process of PCBs from the cquatic ond biotic environments.
Partitioning is modeled as an equilibrium phenomenon. As discussed in
the Model Framework section, partitioning is therefore described by o
singular coefficient (pi). A volue for pi of 100,000 ?/kg was used in
the water column and 10,000 f/kg in the sediment loyer. Theses values
reflect volues used in other model.ing efforts discussed previously ond

the model results ore not sensitive to o recsonable range of uncertaointy
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in the volue.

The remaining process of interest, volotilization, represents the
movement of PCBs across the water/air interface and was discussed in the
Model Framework secticn. The rote of volatilizotion in natural systems
is @ subject of ongoing scientific investigation. The theory is well
established, but the capability of actually measuring the flux of PCBs
at the water/air interface is nonexistent. The volatilizaotion rote in
this study was derived from theoretical considerations ond aoffects only
the soluble fraction of PCBs in the woter column. When the water levels
of PCBs are relatively high the typical levels observed in the atmos-
phere do not significantly impede the transport across the interface. A
review of estimates for K_, the moss transfer coefficient, revealed a
range of 0.00875 to 0.099 m/hr. In this study the selected "best
estimote” theoretical rate 0.057 meters per hour was chosen because it
approximates the median value and reflects the findings of Mackay and
Leinonen (1975). However, when water levels are below 100 ng/? the
atmospheric levels of PCBs theoretically begin to exert significant
resistance to diffusion. This resistance was estimated to reduce
volatilization by approximately one-half. Therefore, outer harbtor and
loke segments have an estimated volatilization rate of 0.0285 m/hr. The
impact of these rotes and others are discussed in the Model Projections
section. It is important to note thot although volatilization is a loss
mechanism to the water, it conversely is a source mechanism to the
atmosphere. Both impacts are dis-'csed later.

Comparison of Model Results to 1980 Data: The model framework and

the calibration of model coefficients hove been discussed. Figure 5-6
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presents the model output along with the field dota for 1980 and
demonstrates o very good model fit. Both the maognitude and spatial trend
of the PCB datao ore well simulated. The model projects the ronge in the
soluble fraction of PCBs to be approximotely 65-80% within the harbor,
which approximotes volues reported from the survey of 45-90%. The
isopleth diogrom (Figure 5-7) depicts the results of the model calibra-
tion for PCBs in the water column of the harbor ond nearshore area of
Lake Michigan. The paoucity of data precluded comprehensive model
validation for the nearshore and offshore zones of Lake Michinnn,
However, the model parameters and results ore reasonable and compare
well with previous modelling efforts and values reported in the litero-
ture (Thomann ond Kontaxis, 1981). As can be seen by the results, the
impacts of the harbor and North Ditch are confined to a relatively small
area of the nearshore lacke. For this modelling analysis, the North
Ditch was modelled as a constant load to the nearshore zone. An average
flow of 1.8 cubic feet per second (cfs) and o PCB concentration of 7 ppb
were used to calculate the North Ditch load. These values were reported
by Noehre and Graf in a 1980 EPA administrative report and are consi-
dered very conservative (high). Ffor instance, an alternative flow of
0.4 c¢cfs was reported by Thomann and Kontaxis (1981).

The export rate calculated from the calibration results indicotes
that 7.7 kg/yr of PCBs were transported from the harbor under averaoge
steady-state conditions. This result compares well with previous
estimaotes of between 4 and 10 kg/yr from the harbor (Thomann and
Kontaxis, 1981). The totol load from tne harbor and North Ditch during

calibrotion conditions (13880) represents less thon 0.6 percent of the
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total load from all sources to Lake Michigaon as estimoted by Rodgers
(1983).

Evaoluation of Recent Data: The model includes known loss processes

such as settling, sediment burial, volatilization ond washout. These
process terms would logicolly reflect a time dependent reduction of PCBs
in the surficial sediments and water. Therefore available water column
data for the period after the colibration (1980-1986) were examined for
evidence of this time dependent response. While the aonalysis of these
water data indicate thot reduction in system PCB levels has been
observed over the last nine years, temporal surficial sediment dota do
not exist to confirm this trend. Therefore, the naotural recovery trend
was not considered in the model applications and the 1980 celibration
conditions form the basis for the model analyses. However, since the
available dota indicate a declining trend, it is of interest to quantify
this trend in order to determine the potentiaol time-variable behavior of
the system. Therefore, a regression model is applied in this analysis.
A regression model was applied to temporal water data for two locations
in Woukegan Harbor. The dotao were collected and analyzed as part of the
requirements of OMC's NPDES permit. The water samples were collected
monthly from two cooling water intake pipes; one located in Slip #3; the
other in the upper harbor across from Slip #1. The naotural logarithms
of data are displayed in Figures 5-8 and 5-9.

A linear regression analysis using the lecct-squares method was
performed on the naturcl logs of the data versus time. The "best-fit"
lines are shown in the figures. The linear regression was performed on

the logs of the data because sediment model theory and observed trends
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indicate first-order loss kinetics. Since the sources of PCBs to the
sediments haove been substontially curtailed, the mass balaonce equation
for PCBs in the sediments can be simplified to a first-order loss
equation. This first order loss kinetics is supported by similar
declining trends of PCBs observed in the sediments of Lake Michigan
(Rodgers, 1982), and the Saginaw River (Limno-Tech, Inc., 1983).
Additionally, Thomann and DiTorro (1983) observed that plutonium in Lake
Michigan sediments, which behaves similar to PCBs, exhibited similor
trends following o sharp decrease in loads.

The results of the regression anolyses are summarized below and
indicoted declining trends in both sets of data. Stotistical T-tests
were also performed on the dato that confirm, with greoter than 89%

probobility, that there are declining trends in both data sets.

Results of T-Test

Probability
Slope of Best Correlation That Declining
Dota Set Fit Line Coefficient (ré) Trend Exists
S.ip #3 Intake -0.191 0.144 »99%
Upper Harbor Intake -0.0886 0.05 >99%

The correlation coefficients calculated for the best fit lines
demonstrote the wide variobility of the data. This data scatter
probably results from variability in the resuspension forces that
control the woter column PCB levels. Wide variability in the resus-
pension rates for ony given year, is expected due to the dynamic and

complex hydraulics of the system,
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Factors thot contribute to this complexity include the transient
impacts of the storms, variaoble lake levels that result in seiches, boot
traffic, and temperature driven currents. However, the data indicate
that the average as well as moximum PCB levels have decreased signifi-
cantly since 1980, and the most probable rate of decline is described by
the best fit line. The regression line indicates that the levels of
PCBs have decreased 50% since 1980.

The declining trend is presumobly ottributable to the elimination of
sources and natural recovery processes occurring in the surficial sedi-
ments. The principol natural recovery process is solids deposition
resulting in sediment buricl. Under the assumptions that the trend will
continue and the levels of PCBs in Waukegan Harbor are declining
according to first-order kinetics, a "half-life" caon be calculated from
the slopes obtaoined through the regression anolyses presented above.

The "holf-life™ is the time required for the levels of PCBs to decrease
50% from an initial condition. The calculated half-lives for the two
locations in Waukegon Harbor are 3.6 years at Slip #3 and 7.8 years in
the upper harbor. Extrapolation of these colculations indicate that the

system PCB levels will be reduced by 50% every 4-8 yeors.

5.3.4. Fish Burden

The level of PCBs in fish are related to the level of PCBs in
ambient water by a bioconcentration factor (BCF) as discussed in the
Model fFraomework section. Estimaoted BCFs are known to vary for a variety

of reasons including:
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e Fish species

Fish oge (size)

Percent lipid content

e Percent soluble PCBs in ambient water
Thomann and Kontoxis (1981) estimated a BCF of 6.3x105 f/kg for their
waukegan Harbor study and demonstroted thot this volue simulated the
observations observed in fish in 1978, but tended to overpredict levels
observed in July 1979. Rodgers and Swain (1983) estimated BCFs for fish
in the upper Great Lakes and found the values to be a function of fish
species. These BCFs raonged from approximately 1x106 f/kg for bloater
chubs to 4x106 for lake trout. The present study examined fish data
reported for four species of fish collected between 1979 to 1982 by
several investigators and for two groups of fish collected in 1984 by
the stotes which border Lake Michigan (see Chapter 3).

Estimation of the BCF requirec knowledge of ambient water concen-
trations which influenced the fish levels. These water levels can only
be estimated by ranges observed in Lake Michigon. Armstrong (1986)
measured PCBs throughout Loke Michigon and observed an average concen-
tration in the water column of 1.83 ng/f from samples collected in 1981.
Based on trerds observed in Lake Michigan (Rodgers and Swain, 1983)
these levels would have been higher prior to 1981 and lower in 1984.
Taking all factors into consideration this study estimated that a BCF of
1x106 0/kg was the most representative value for Lake Michigan simulao-
tion. This volue would yield hig-er values fo; fish contomination than
Thomann and Kontaxis (1981) estimatczd using a BCF of 630,000 f/kg, but

it is a reasonable representation of likely bioconcentration for a range
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of indigenous fish. It should be noted that this study's BCF volue is
more conservative (higher) thon that used by EPA (USEPA, 1980) and
Thomann and Kontaxis (1981). Using this study's BCF and the water
concentration observed by Armstrong of 1.83 ng/f, fish in Lake Michigan
ore projected to have g PCB body burden of 1.83 ppm, which compares very
well with the 1984 fish daota of 1.14 ppm for salmon and 2.60 ppm for

trout.

5.4. Model Application

Projection of the distribution of PCBs in the study area during
and after the implementation of proposed remedial actions is on
integral component of estimations of risk associated with each action.
The PCB model serves as o powerful predictive tool for the simulation of
potential system impacts ond responses to remedial action. Previous
modeling investigations have demonstraoted the expected system responses
to vorious incremental levels of remedial effort (Thomann ond Kontaxis,
1981). However, the model was not applied to estimote system responses
to specific remedial actions. It is the purpose of the study presented
herein to expand the model opplications to examine the potential ramifi-
cations of two specific methods for the cleon up of the OMC site. The
modeling investigations include projections of PCB distribution during
and after the implementation of these actions. From these projections,
the magnitude of various human exposure routes ca. be estimated.
Ultimately this will provide necessary informotion to estimctc the risks

gssocioted with each action.
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The remedial methods thot were examined included: 1) The plan of
oction outlined in the Record of Decision (ROD), and; 2) The plan of
action described herein os the in-ploce contoinment alternative (IPC).
Descriptions of these plaons of remediation are presented in Chapter 4.
For both of these alternatives (IPC ond ROD), simulotions were conducted
to estimate the system responses both during implementation and ofter
the completion of the alternctive.

The results of these investigations are reported below and the
presentation is divided into two caotegories. The categories include:

1. Modeling projections for estimation of the system responses
upon completion of the remedial actions (steady-state, "long
term" responses).

2. Model investigation results for the estimation of impacts to
the system during the implementation of the remedial oction
("short-term" impacts).

within each of these subsections, the model representaotions of the two
remediol alternatives {ROD ond IPCY and the assumptions that were made
to simulaote these alternatives are summarized. The modeling results for
the two alternatives first examines PCB distribution in the water
column. From these distribution results, and based on bioconcentration
and residence weighting factors, the expected response levels of PCBs in
fish will be calculated for the long-term impocts. Estimations of the
export of PCBs from the harbor and North Ditch Area to Lake Michigan are
then presented for each aclternative during and after implemencation.
Estimations of the impoct of the OM. site on the average concentration

of PCBs in Lake Michigan are olso presented. The final topic that will
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be discussed is the estimotion of volotilization of PCBs from the areas
of concern within the study site during and after implementation of the

remedial clternatives.

5.4.1. Long-Term Projections

The modeling investigations that are reported in this sub-section
represent estimations of the system response after the remediol alterna-
tives have been implemented. The results reflect the expected PCB
distributions in the water column in the time span following completion
of the alternatives and after the PCBs in the waoter column have
responded to the remedial action. Projections of total PCB concentra-
tions were based on the model parometers established in the calibration
of the model. It is assumed that the calibration conditions are
representative of average conditions of the system. Efforts were made
to apply the model in a consistent mariner for the examination of each
alternative. Any uncertainties in the model parameters and framework
should apply to all projections with approximately equal mognitude.
Therefore, it is believed that the model projections provide a strong

base for comparative analysis of the responses to eoch action.

5.4.1.1. Model Representation

Projection of system response to specific remedial olternatives
requires evaluation of the influence that o porticulor clternative will
have toward reducing the loads tc tr: system. The modeling investiga-
tions presented in this section were designed to estimate the response

of the system to expected efficiencies of each olternative in isoloting
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the PCB laden sediment from further interaction with the system. Model
inputs utilizing the most reasonable set of assumptions to reflect
remediacl efficiency were developed for each remediol action. The
ossumptions and model inputs incorporate on integrotion of many factors
thot are varioble and uncertaoin. Best professional judgement was
utilized to integrote these foctors to establish scenarios that are
considered reasonable. These results ore presented as the "best esti-
mate®” results and were calculoted using the calibrated model coeffi-
cients discussed previously. Due to the uncertainty ossocioted with
alternaotive remedial assumptions, conservotive approaches were often
necessary. Additionally, model investigotions were conducted for eoch
action using o range of olternative assumptions regording the details or
effect of implementation of the action. These ranges do not span the
entire imaginable range of uncertainty aossociated with the model
projections, however, they reflect best professional judgement ond
represent a reasonable range of expected results,

The assumptions thot were made in the development of the "best
estimote™ projections and projected ranges are summarized below for both

the ROD and IPC aclternotives.

ROD Alternative Representation

Under the ROD oclternative, Slip #3 and the upper horbor as depicted
in Figure 5-10 would be dredged for the removal of PCB contominated
sediments. A cofferdom will be utilized for the excavation of the deep
contaminated sediments in the area denoted as "A" on Figure 5-10. Water

that flows through the North Ditch would be rerouted through a drainage
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pipe and the contaminated sediments in the North Ditch area would be
contained. Further detaoils of the ROD alternatives ore provided in
Chapter 4.

Three cases wo-e modeled for the ROD olternative that represent a
range ond best set of assumptions with respect to the expected methods
and efficiency of the alternative in removing intended contaminated
sediments. The ossumptions for each cose ora2 summarized in Table 5-1.

The effectiveness of the ROD alternative iﬁ preventing the
remaining PCBs from continued expcsure to the environment is strongly
dependent on the methods employed and the subsequent efficiency of
removal. The efficiency of removal could vary appreciably due to the
uncertainty associated with the execution of the dredging operations.
These uncertainties arise becouse of the difficulties in achieving 100%
removal of sediments through dredging. Factors such as resuspension of
sediments during dredging operations and the sediments that are "missed"”
by the dredge preclude the removal of 100% of the sediments. Further-
more, the cost of dredging increoses as the designed level of efficiency
is increased. This increase in cost is due to the extra operational
care and number of passes required. Indicaotions are that most dredging
operations ochieve much less then 90% removal of sediments ond thot 90%
removal is o level considered to be at the upper boundary of achievcble
removable efficiency. Due to the high levels of contaminagtion, it is
reasonable to assume that extreme care will be exercised during dredging
operations. Ninety percent renoval efficiency waos considered a
recsonable estimate that accounts for the care that will be exercised

but also reflects the limits of efficiency levels that are practically
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achievable. The three cases that were modeled represent sets of
assumptions with respect to the methods employed ond degree of core
during removal operations.

The "best set” of assumptions reflect the case where a cofferdam
would be built to encomposs.oll of area "A" depicted in Figure 5-10 and
that fill moterial would subsequently cover the area, thereby
effectively isolaoting 100% of the remoining contominated surficial
sediments in area "A". Ninety percent removal efficiency through
dredging of the remainder of slip #3 and the upper harbor wos considered
a reasonoble assumption and reflective of o high level of operationcl
efficiency. The "high estimote" caose assumed that 10% of the
contaminated sediments in Area "A" would remain exposed to the overlying
water column aofter the dredging was completed. Under this scenario it
was also assumed that 90% removal of the sediments in Slip #3 and the
upper haorbor would be achieved. This "high estimote™ case does not
address worst case expectations but rather reflects o reasoncble upper
bound for extremely careful implementation. If extreme care is not
exercised, the resulting exposure levels could be significantly higher.
The "low estimaote" caose assumes the difficult and unprecedented
engineering result thot the dredging operation will be nearly 100%
efficient and will achieve removaol to S0 ppm throughout the area to be
dredged.

In the North Ditch Area it was assumed that the RQOD alternative
would effectively isolate the contaminated sediment from inte. action
with the environment. For both the "best set" of assumptions and the

low estimote cases, the loads to the water column in this arec were

-117-



Source ond Fote Assessment

cons.dered. to be negligible. The "high" estimate cose assumed that
minor leaching through the slurry wolls would occur and 0.6 lbs/year
PCBs would be transported to Lake Michigon via groundwater flow. This
loading rate was considered a reasonable and conservative estimate based
on calculotions reported by Westin Consultants - Designers (1982) ond
Mason and Hanger-Silas Mason Company (1981). All other model parameters

were ossumed to be the some as in the colibration.

IPC Alternative Representation

The IPC olternative entails the construction of a retaining wall at
the mouth of Slip #3 and using this area as a containment cell for
sediments dredged from the upper haroor. The wall will be constructed
down to glacial till and should serve as an effective barrier isolating
the PCB laden sediments in Slip #3 from interaction with the herbor. 1In
the North Ditch areao, the water flowing through the North Ditch will be
rerouted through a storm pipe and the North Ditch will bLe bock filled.
The area will be graded for drainage to this pipe. Additionally, the
groundwater in the vicinity will be monitored for PCB migration, and an
assessment will be made of the need for further action to minimize
migration.

Two scenarios of assumptions for the IPC alternotive were examined.
Assumptions for these caoses are listed in Table 5-2. The "best esti-
mate" cose reflects the assumption thot the woll ot Slip #3 will prevent
the load of any PCBs originating fr~m the slip from enterina the harbor.
Ninety percent removol efficiency of t-e sediments in the upper harbor

was considered reasonable. The action proposed for the North Ditch area
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was considered to be effective in reducing the loods from this area to
negligible levels. Groundwater monitoring should allow for the assess-
ment of need for further remedial action in this area and it wos assumed
that further action would be implemented if necessary.

The high estimate case considers the assumption that migration
through the ground water will occur in both the harbor and North Ditch
areas. For Slip #3, a loading raote of 0.6 1lbs/yr was assumed based on
estimations by Weston Consultant-Designers (1882). For the North Ditch
Area, it was ossumed thot octions implemented in this area would reduce
loads similar to the ROD actions. Therefore, the ROD "high estimate”

loading rate of 0.6 lbs/yr was used.

5.4.1.2. Model Results

Under the assumptions presented above, the model was applied to
estimaote PCB distributions upon completion of the remediol alternatives.
Fer each clternative, projections were made that represent a range of
variability associated with the estimated effectiveness of the alternao-
tives. Model results thot reflect the set of assumptions considered
through best professional judgement to be most likely or reasonable are
presented as "best estimates.” The results of the modeling investiga-
tions are presented below in three parts. The first part presents
expected PCB distributions in the water column for each alternative.
The second ond third parts present caolculated PCB levels in fish and
estimations of export rates, respectively. These were derived from the

projected water column distributions.
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Water Results

Model runs were conducted to independently define the impacts of
wWaukegon Harbor on the PCB distribution in the water column for the
entire study arec. Tt was of interest to discern the contribution of
PCBs solely attributable to Waukegan Harbor and North Ditch sites
following remedial action. 1In order to define the impact from these
sites o "base" case representing background conditions was first
examined. The base case set the sediment concentrations in the harbor
and North Ditch area equal to buckground levels for Lake Michigan. The
results of this projection are presented in Table 5-3. This base caose
simulation con be utilized to ossess the residual impacts ottributable
to the sites under vorious remedial oction scenorios. The incremental
impact remaining after implementotion of remedial action is defined as
the difference between the simulated concentration for the remedial
action and the bose case.

Examination of the results of this base case indicate that concen-
trations of the harbor are somewhat less than the neaorshore and offshore
zone of Loke Michigan. A similor trend wos observed in the modeling
analyses conducted by Thomann and Kontoxis (1981) for high levels of
remedial action and indicates that under uncontominated conditions, the
horbor should act as o sink {(depositional zone) for paorticulaote PCBs
transported from Lake Michigan.

The model projections of the average total FCB distribution for
each of the alternatives are depicted in the isopleth diagrams (Figures
5-11 aond 5-12). These results reflect the "best estimates” of the

expected steady state concentrations upon completion of each clternative
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and were derived based on the "best" sets of assumptions. The results
of the model simulations for the expected ranges of remedial action
effectiveness ore summarized in Table S5-4.

The results of the ROD alternative "best estimate" projections are
presented in Figure 5-11. Table 5-4 summarizes the expected PCB concen-
trations for the various efficiency levels of removal thot were consi-
dered. Recall that removal efficiency is a major factor in charac-
terizing the three ROD sets of assumptions. As is evident from Table
5-4, the effectiveness of the ROD alternative is very sensitive to the
efficiency of the dredging operation. As would be expected this
sensitivi;y is especially apparent in the estimated removal efficiency
of sediments in Slip #3. The results reflect the assumption that
extreme care will be used during implementation and that at least 90%
efficiency will be achieved. The predicted levels of PCBs could
increase significantly if this level of efficiency is not achieved.

The results of the IPC alternotive under the best set of oassumptions
is presented in the iscopleth diagram of Figure 5-12. The results indi-
cate that under the assumption that the woll will effectively isolate
the contaminoted sediments, the concentrations in the water column will
approach "background levels" and the harbor will oct as a sink for PCBs

from Laoke Michigan.

Fish
The projected response of PCBs in fish to the remedial ac*icns is
an important consideration with res:esct to future risks. The model

projections for the distribution of PCBs in the water column are
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utilized to estimate expected PCB levels in resident fish. A discussion
of the derivation of the bioconcentration factor utilized is presented
in Section 5.2.

As discussed in Section 5.2, the seasonal distribution of fish
should be considered in the calculations of expected PCB levels in fish
caught for consumption near the study area. Modeling results indicote
that the impacts attributable to the OMC site are confined to a rela-
tively smoll area of Lake Michigan. Due to the migratory nature of Loke
Michigan fish, the fish that are cought for consumption in the vicinity
of the study area will probably be subject to elevated concentrations in
their food supply and ambient water for only a fraction of their lives.
A method of accounting for this transient exposure waos presented in
Section 5.2. The method employs resident weighting factors that
influence the effective BCF. The resident weighting factors represent
the fraction of time that fish will be subject to various area-specific
levels of ambient PCB concentrotions. The weighting factors were
estimated based on interpretations of available fish distribution dato
that indicotes that the fish caught in the vicinity of the OMC site will
probably be exposed to the ambient conditions (both food supply ond
water) of the nearshoref/offshore modeled areas for no more than 20
percent of their lives (10%¥ nearshore and 10% offshore). These esti-
mates are generalized but are considered conservative and recsonable
given the paucity of data. A weighting factor of 0.1 for eoch lake area
was therefore considered appropriate for application for the BCF equa-
tion. The assumptions and results of this distribution aonalysis are

presented below.
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The seasonal depth distribution of o variety of fish were estimated
based on interpretations of data from Brandt (1978), Wells (1968) and Eck
(1983). The dota indicoted thot fish migrote seasonally and would be
expected to reside in depths characteristic of the nearshore/offshore
areas (0-10 m) for less than 20% of their lives (10% nearshore; 10%
offshore). The data and review ore presented in a study memorandum
{Limno-Tech, 1986) and are summorized in Table 5-5.

The interpretation of this daota included the following ossumptions
and observations.

1. The ovailable fish distribution dato is representative of

conditions in the nearshore/offshore zone (0-10 m).

2. 90% of the PCBs in solmonids is attributoble to food sources.
Alewives sculpins and smelt are principal food sources to
salmonids. Therefore, distribution of alewives, smelt, and
sculpins should be a major factor in the exposure of salmonids

to creo specific PCBs.

3. The distribution of fish in the nearshore and offshore zones
ore equal.

4. The projections of water concentrotions in the nearshore/
offshore areas were derived by the PCB model.

The estimates of 20 percent exposure factor is considered very

conservative due to the following observations:

1. Trout ond sclmon migraote along shore as well as offshore and,
therefore, will be feeding on prey impacted by the site for
considerably less thon 20 percent of the yeor. Furthermore,
the prey migrate clong shore as well and probably are impacted
by the OMC site less than 20 percent of their lives.

2. Waukegan Harbor is not conducive to spawning for trout and
salmon since it has no tributory. Solmon and trout will
preferentially migrote to other areas of the lake that are
conducive to spawning.
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3. The distribution of data for the fish probably yield over-
estimates of the nearshore percentages since bottom trowls were
used.

The estimates of the period that salmonids will be exposed to the
ambient levels of the nearshore/offshcre area can be refined only with
extensive site specific data. The estimate of 20 percent is considered
a rough but conservative approximation. The projected impacts of the
OMC site on fish levels can be calculated for the nearshore and offshore
zones (Figure 5-10) by applying a factor of 0.1 to the bioconcentration
equations for each area. T7The ramainder of PCB exposure will occur
during the time that the fish reside in the main loke (80%).

Three factors derived obove determine the projected concentrations
in Lake Michigon fish associoted with the remedial actions. These
factors include: 1) the exposure levels; 2) the exposure time; and 3)
the bioconcentration factor (BCF). The projected water concentrations
reported in Taoble 5-3 and 5-4 yield the likely exposure levels. The
exposure time is represented by the resident weighting factors derived
above as 0.1 in the nearshore, 0.7 in the offshore, and 0.8 in the main
body of Lake Michigan. Given this information, the third factor, the
BCF, can be applied to all remedial scenarios to derive representative
values for fish response to remedial alternatives (see section 5.2.1.).

Table 5-6 presents the model projections for PCB levels in resident
fish in Lake Michigan for eoch scenario examined. These levels reflect
fish exposure to the areacs impacted by the OMC site and Lake Michigan.
In order to isolate the influence of the OMC site on fish body burdens.

the influence of Laoke Michigaon was set to zero. Table 5-7 presents the
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model projections of fish PCB levels ottributable solely to their
residing in areas impacted by the OMC site. As is evident from the
results, all of the scenarios have little impact beyond the nearshore
zone which is expected based on the water results and field

observations.

5.4.2. Export Rates

The estimated net flux or export rotes of PCBs from the harbor to
the lake ore presented for each alternative in Table 5-8. The export
fluxes are based on the model projections discussed above and represent
average steady state rates.

The calculated net fiux rates indicote that the IPC alternative
will be more effective than the ROD in reducing the transport of PCBs
from the harbor. The export of PCBs out of the harbor under the IPC
alternaotive will be negligible even if leoching occurs from the
containment cell (high estimate). The omount of PCBs that are estimated
to be transported under the ROD olternative ore sensitive to the
effectiveness of the dredging operaotions. If the dredging operation in
Slip #3 is not 100% effective, then transport of PCBs from the harbor
will continue at o significont rate (>0.4 kg/yr).

For the North Ditch area, the export rotes after implementation of
the remedial action are difficult to predict. Both remediol actions are
projected to substantially alter the groundwater flow patterns and
therefore reliaoble estimates of potential export rates cannct be
determined without further study < ter the alternatives have been

implemented. In the best set of assumptions for both alternatives, it
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was assumed that the actions would effectively reduce the export of PCBs
from the North Ditch area to zero. The high estimote of export rates
for the alternatives is 0.6 lbs/yr and was based on upper limit

calculations of migration of PCBs through the slurry walls.

5.4.3. Projected Impacts During Implementation of Remedial Action

Projected long term responses of the study_oreo to remedial action
alternatives were discussed above. The implementation of these octions
coulrd have significant tronsient impucts that create short term
increases in human exposures to PCBs. Included among the potential
impacts are elevoted levels of PCBs in the woter column, increased
transport of PCBs to Loke Michigan, and increased volatilization to the
atmosphere. Because the impacts are short-term, the effects on fish
body burdens, which are more impacted by lifetime exposures, were
ossumed to be negligible. It is the purpose of this section to present
results of modeling investigations conducted to estimate the magnitude
of the impaocts on the water column of the study area. Expected
volatilization raotes during implementation are discussed in Section 5.5.
area. Expected volatilization rates during implementation are discussed
in Section 5.5.

The focus of the investigotions presented herein is the impacts of
the actions associated with dredging and excavation operotions. It was
assumed thaot impacts of other phases of implementation of the proposed
remediol actions would be negligibls. Oredging operations however can
potentially cause significaont disruption and resuspension of sediments.

There is wide variability in the resuspension that may occur during
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dredging operations. Many factors contribute to this uncertainty
including: type of dredge selected, operator care, methods of dredging,
sediment chaoracteristics, and system hydrodynomics. Additionally,
uncertainties exist in the transient kinetics of contaminants associated
with resuspended solids (e.g. desorption rotes and volotilization
rates).

Many assumptions were required in the calculations as a result of
these uncertainties but the assumptions were corefully examined and the
calculations provide valid estimations of the magnitude of impacts
associaoted with the proposed dredging operotions.

The colibrated PCB model described above was applied to calculate
tronsient PCB distributions durirj dredging operations. Model represen-
tation and assumptions thot form the basis of these calculations will be
summarized below followed by o presentation of PCB.distributions and

estimoted export rates.

5.4.3.1. Model Representation

Both the ROD olternative and the IPC alternative include plans for
dredging of the horbor. However, the arecs to be dredged are different.
The ROD alternative calls for the dredging of Slip #3 and the upper
harbor (depicted in Figure 5-10) whereas under the IPC alternotive
Slip #3 will be contained and only the upper harbor will be dredged.
This difference is significant due to the extremely high levels of PCBs
thot ore in the upper portion of Slip #3.

The modeling analysis was divided into two principal investigo-

tions: 1) expected impacts of dredging Slip #3; ond 2) expected impacts
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of dredging the upper harbor. The combined results of these onalyses
represent estimotions for the ROD alternative, and the results for the
second investigation comprise the estimotions of dredging impact for the
IPC alternative. Ths construction of the contoinment waoll under the IPC
alternative was considered to have only minor effects on resuspension
and therefore negligible impacts. This assumption was considered valid
because of the methods to be employed, the short duration of installa-
tion, the relative small area of potential impact, and the lower level
of contamination of the proposed containment wall site.

The amount of sediment that will be resuspended during dredging
operations was considered the most critical foctor in determining
impocts to the system. Because of the uncertainties that exist with
respect to this phenomenon, o ronge of estimaotes were developed. "Best
estimates™ thaot were judged to be the most likely were based on typical
dredging operations and are considered representotive of expected
conditions.

The Army Corps of Engineers have compiled several studies that
investigate the amount of resuspension that occurs during dredging
operations (USACOE, 1984 and Wakemon et al., 1975). These reports
indicate that there is wide variability depending on, among other
factors, dredge type used, dredge operator care, sediment characteris-
tics, and system geometry and hydraulics. Increases in average
suspended solids concentrations within several hunored meters of the
dredge were reported to range from 10 - 1000 mg/?. Additionally, there
exists vertical and horizontal concentration grodients. 3uspended

solids concentrations decrease with horizontal and vertical distance
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from the dredge head.

Based on these studies and consideration of the specific character-
istics of Waukegan Harbor, increases in suspended scolids levels due to
dredging were assumed. These assumed increases form the basis of this
analysis. Average suspended solids levels in the vicinity of the dredge
were assumed to increase to 10-80 mg/f. A level of 40 mg/! suspended
solids was considered the best estimate and reflective of careful
dredging operotions. Model runs were conducted to determine the average
resuspension rate and therefore the sediment looding rate necessary to
create these suspended solids concentrations in the immediote area of
the dredge. The colculated loading rates ranged from 1000 kg/d to
10,000 kg/d ond represent approximotely 0.1 to 3% of the-sediment
dredged.

Both alternatives call for a silt screen to be placed at the
boundary between the upper and lower harbor to minimize export during
dredging. In the model investigations it was assumed thaot the silt
screen would be 90% effective in preventing transport of solids and
PCBs. The effects of the screen was incorporated into the model
framework through reducing the horizontal transport rate or dispersion
coefficient at the boundary betweer cells 4 ond 5. The dispersion
coefficient was adjusted until opproximately 90% reduction in solids
transport was achieved. The estimated acmount of solids transported
through the silt screen represents approximately 4% of the originol
solids resuspended and therefore opproximately 0.004%7 to 0.1% of the

dredged sediments.
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both the steady-state and time variable version of the PCB model
were utilized in the investigations. Comparisons of model results
indicated that the system approached steady state very raopidly and-
therefore in order to simplify the calculations, the steady state model
was predominantly used and considerec on accurate approximation of
impacts occurring on a daily time scale. The results of the twd models
differ slightly over the time frame considered (~15% over 6 days) but
the difference is small in comparison to the uncertainties and well

within the range of calculations.

5.4.3.2. Model Results

Incorporating the resuspension rotes and dispersion coefficients
derived above, expected PCB distributions during the dredging operations
were calculaoted. The results are summorized in Table 5-9 for the ROD
alternative and Table 5-10 for the IPC alternative. The estimations for
the duration of dredging are based on estimates by Malcolm Pirnie,
Associates (1982). The duration of dredging required for Slip #3 and
the upper harbor is estimated to be 6-10 doys and 40-50 days,

respectively.

Slip #3: As is evidenced by the results, the dredging of Slip #3
could couse significant temporary increases in the water column PCBs
throughout the study area. Because of the high suspended solids levels
thaot are expected, most of these PCBs will be porticulate and =ubject to
settling. The projected levels of total PCBs range from 170 to 1800

ug/® in the upper harbor and Slip #3. A substantial portion of these
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exposed PCBs are confined to this area due to the estimated effective-
ness of the silt screens. However, levels of PCBs beyond the silt
screen are predicted to be considerohly elevated during the dredging of
Slip #3, even under very optimistic conditions.

Export rates were calculated based on these model simulations and
the results are presented in Table 5-11. The results inéicate that
under the model assumptions that approximotely 1 - 12 kg of PCBs could
be transported to Lake Michigon during dredging of Slip #3. This value
is within the range calculated for transport for an entire year under
present conditions.

The estimated impacts of dredging of the upper harbor ore much less
significont. This is primorily due to the much lower levels of PCBs
ossocioted with the sediments in this area. The projected water concen-
trations range from 2 - 17 ug/? in the upper harbor and the decreases
due to the effects of the silt screen result in relatively low levels
evident in the outer harbor ond laka. The colculations of export raotes
are presented in Table 5-11 and indicate relatively minor transport of
PCBs during the dredging of the upper horbor, based on the estimated

effectiveness of the silt screen aond the isolation of Slip #3.

5.5. Volotilization

The PCB modei was developed as a toocl to enable scientificolly
valid forecosts of PCB fate in the study area. The model simulates both
particulote and soluble PCBs in the water column. As discussed in
Section 5.2, Model Framework, PCBs are not confined to the water column.

These hydrocarbons may be transported with associated solids to the
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underlying sediment layer or may enter the atmosphere via volatiliza-
tion. Volatilizotion is the proces. by which dissolved PCBs are trans-
ferred from the water phase to the air phase by molecular diffusion.
The volatilization loads calculoted here are the input loods to the air
transport model examined in Chapter 6.

Once PCBs enter the atmosphere they are subject to atmospheric
transfer away from the point of origin. The presence of PCBs in the
aotmosphere represents an additional exposure route to humans via inhola-
tion. Normally, the risk associoted with this exposure route is quite
smoll, usuclly less than 1% of the likely exposure (USEPA, 1980).
However, the remedial olternatives examined herein would create aqueous
solutions having high levels of PCBs in aon area with both public ond
occupational populations in nearby proximity. Therefore, the influence
that volatilization has both on the loss of PCBs from the water and as a
source of PCBs to the atmosphere wos examined.

The general theory used in simulating volatilizction was discussed
previously ond is examined by Liss and Slater (1974) ond by Mackay and
Leinonen (1975). Molecular diffusion theory conceptually perceives a
process whereby molecules must overcome the resistance across two films
-- the water and the air. Evidence of volatilization of PCBs has been
observed in laboratory experiments as well as field observations
(Thomann and DiToro, 1983).

The magnitude of volotilization is dependent upon the concentration
gradient between the water and air compartments cnd the value of a mass
transfer coefficient, K _. The water concentration is calculated by the

model for each of the remedial cctions for gll study locations. The
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best estimate of the mass transfer coefficient was iden%ified as 0.057
m/hr as a value approximating the median of volue colculated by theore-
tical derivations and as the value reported by Maockay and Leinonen
(1975). However, because of the difficulty in measuring this value, a
range of rates were examined. These rates were applied to two situa-
tions under exomination in this study. First, Section 5.5.1 exomines
volatilization as an operative process during the long-term period
following each of the remedial actions. Second, Section 5.5.2 evaluates
the mognitude of this flux during the implementotion of the remedial

actions.

5.5.1. Long-Term Volatilization

This study examined the present conditions in the study areo ond
two remedial actions (ROD and IPC). The model forecasted the concen-
trations of total, porticulate, anc soluble PCBs for each segment of the
area during a long-term steady state period following each action.
Using the model term for volatilizotion, a load of PCBs from the water
to the air wos colculoted for each of the management scenarios. The
best estimate simply utilized the best estimate for both the mass trans-
fer coefficient (0.057 m/hr) ond the predicted soluble concentration of
PCBs. These loads are reported for each of the management scenarios for
the areas of concern in ond near the harbor in Table 5-12.

The long-term ROD remedial alternotive volatilization load is
calculr+ted to be 5.38 1lbs/yr ond *ne IPC olternctive results in a
slightly lower load of 3.4 1lbs/yr. The range of loads of PCBs to the

atmosphere viag volotilization is reflected in the minimum and maximum
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values reported in Table 5-12. This range reflects the sensitivity of
the estimates due to possible varicbility in the volatilization esti-
mates. Two factors considered in as<=<sing this range were: 1) mass
transfer coefficient (0.1-2.0 m/day); and 2) the expected clternative
removal efficiencies as described in Section 5.4. The range of mass
transfer coefficients was applied tc each alternative under the "best
estimate” for the removal efficiency. This required recolibrotion of
the model to 1980 conditions in order to maintain o mass balance under
altered loss rates. The "best estimote™ (0.057 m/hr) of the mass
transfer coefficient was then applied to the range of water concentra-
tions derived from model projections of the various alternative removal
efficiencies discussed above. The rcnge presented in Table 5-12
reflects the combined sensitivity of the estimates due to both of these

uncertainty factors.

5.5.2. Volatilization During Implementation

The loads of PCBs to the atmosphere during implementction of the
remedial actions should be of speciol concern since dredging and
dewotering activities would result in elevated levels of PCBs. Assess-
ment of volotilization during remedial implementation must also consider
the duraotion of different phoses of each remedial alternative. Table
5-13 presents the expected otmospheric loadings of PCBs during implemen-
tation of the ROD action. The expected durotion of the load.is also
indicaoted in Table 5-13. For instance, the 6-10 days indicated for
certain areas of concern represents the estimated duration and exposure

time for dredging the more highly contaminated areas, whereas 40-50 days
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represents the time for dredging the remaining oreas. A similar table
for the IPC alternative is presented .in Table 5-14. There are fewer
areas of concern associaoted with the implementotion of the IPC alterna-
tive than for the ROD alternative becouse of differences in design.
Since the IPC alternative by design disturbs less of the in-place
contaminant sediments, there is less environmental exposure during
implementation. This reduced environmental exposure during implemen-
totion is true for the ambient water quality as well as the resulting
volatilirzation loads. The IPC aclternative has not only lower total
atmospheric loads but significont:.vy smaller peak loads, which mdy be

important when considering residential and local workforce exposure.
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Table 5-1

Assumptions for the Steady State
Model Projections for the ROD Alternative

Best Estimcte Case:

The cofferdam will be built encompassing the entire area A of
Figure 5-1 and backfilling will allow the remaining sediments
in this area to be 100% isolated.

90% dredging efficiency for removal of sediments in the
remainder of the orea to be dredged.

Based on 1980 average sediment concentrations os reported in
the Mason and Hanger Final Report.

The model parameters developsd in the calibration are
applicable and represent average expected conditions.

The load from the North Ditch Area will be negligible after
completion.

Low Estimate Case

1.

100¥% removal of the sediments to 50 ppm in the entire area to be
dredged will be achieved.

The load from the North Ditch arec will be negligible after
completion.

Assumptions 3 and 4 atcve apply.

High Estimate Case

1.

10% of the sediments will remain in Area A and will be exposed.

904 dredging efficiency for removal of sediments in the
remainder of the area to be dredged.

A small load due to migration through the slurry walls in the
North Ditch aorea will flow to Lake Michigan via Groundwater

(0.6 lbs/yr).

Assumptions 3 and & in the Best Estimate apply.
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Table 5-2

Assumptions for the Steady Stocte
Model Projections of the IPC Alternative

Best Estimate

The wall constructed at Slip #3 will effectively isoclate the
contaminated sediments from the harbor.

The dredging of the upper haorbor will be 90% efficient in the
removal of these sediments.

The actions proposed for the North Ditch aorea will reduce the
loads to Lake Michigan to negligible levels.

The model parameters as developed in the calibrotion are
applicable and represent average conditions.

High Estimate

1.

Some migraotion of PCBs will occur from the contoinment cell in
Slip #3.

The octions in the North Ditch Area will be os effective as the
actions for the ROD in the prevention of PCB loads to Lake
Michigon (0.6 lbs/yr).

Assumption 4 from above applies.
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Table 5-3

Base Case Water Concentrations
without PCBs in Waoukegan Horbor /North Ditch (ug/?)

Harbor 0.0007
Nearshore 0.0014
Offshore 0.0017
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Table 5-4

Steady Stote Projections [PCB] in Water (ppb)

Ranges reflect estimated efr~~tiveness of clternatives

ROD Alternctive

Areas of Concern Best Estimate Minimum Maximum
Harbor 0.014 0.0019 0.027
Nearshore 0.002 0.0015 0.003
Offshore 0.00177 0.00177 0.0018
IPC Alternative
Areas of Concern Best Estimote = Minimum Maximum
Harbor 0.0009 0.000% 0.0043
Nearshore 0.0015 0.0015 0.0023
Offshore 0.0017 0.0017 0.0018
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Table 5-5

Annual Average Percentage of Fish Caught by Trowl
in 0-10 m Depth in Lake Michigan

Annual Average Percentage of

Species Fish Caught in 0-10 m Depth
Alewives 21.8
Smelt 15.5
Sculpines | 0:5
Yellow Perch 28.0
Bloater Chubs 1.2
Lake Trout < 5.0
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Table 5-6

Steady-State Projections [PCB] in Fish {ppm)
Caught in the Vicinity of the OMC Site®

ROD Alternative

Best Minimum Maximum

2.0 1.9 2.1

IPC Alternotive

Best Minimum Max imum

1.9 1.9 2.0

ORaonges reflect estimoted effectiveness of alternotives assuming
BCF = 1*E6((mg/g)/hg) aond fish reside in the nearshore/offshore area
for 20% of their lives.
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Table 5-7

Concentration of PCBs in Fish Solely
Attributaoble to Areas Impacted by the OMC Site

ROD Alternotive

Best Minimum Maximum
Nearshore 0.06 0.01 0.16
Offshore 0.007 0.007 0.01
Totol 0.067 0.017 0.017

IPC Alternative

Best Minimum Maximum
Nearshore 0.01 0.01 0.
Offshore 0.0 0.0 0.01
Total 0.01 0.01 0.0
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Table 5-8

Calculated Export Rates for Transport of
PCBs from the Harbor for Alternative Scenarios

Calculated Export Rates
Alternative (kg/yr)

Record of Decision:

Best Estimate 0.4
Low Estimate 0.008
Higr. Z_timate 0.8

In-Plaoce Containment:

Best Estimate -0.02 kg/yr
Low Estimate -0.02 kg/yr
High Estimote 0.08 kg/yr
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Table 5-9
PCBs in Woter During Implementation (ppb)

ROD Alternative

Areas of
Concern Best Estimate Minimum Maximum Duration
Slip #3 913 186 1821 6-10 days
1.18 0.24 2.4 40-50 days
Upper Harbor 836 170 1666 6-10 days
8.5 1.74 16.9 40-50 days
Lower Harbor 6.6 1.3 13.3 6-10 days
0.07 0.015 0.14 40-50 days
Outer Harbor 3.7 0.76 7.5 6-10 days
0.04 0.01 0.08 40-50 days
Nearshore 0.20 0.075 0.40 6-10 days
0.01 0.008 0.013 40-50 doys
Offshore 0.023 0.008 0.036 6-10 days
0.003 0.003 0.003 40-50 days
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Table 5-10
PCBs in Water During Implementation (ppb)

IPC Alternative

Areas of

Concern Best Estimate Minimum Maximum Duration
Slip #3 NA NA NA 40-50 days
Upper Harbor 8.5 1.74 16.9 40-50 days
Lower Harbor 0.07 0.015 0.14 40-50 days
Outer Harbor 0.04 0.01 0.08 40-50 days
Nearshore 0.01 0.008 0.013 40-50 days
Offshore 0.003 0.003 0.003 40-50 doys
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Table 5-11

Estimated Export of PCBs from
Waukegan Harbor During Dredging Operations

Total PCBs

PCB Export Rctes Duration Transported
Dredging of Slip #3:
Best Estimate 0.62 kg/d 6-10 days 3.7 - 6 kg
Low Estimate 0.12 kg/d 6-10 days 0.7 - 1.2 kg
High Estimate 1.26 kg/d 6-10 days 7.5 - 12 kg
Oredqing of the Upper Harbor:
Best Estimate 0.006 kg/d 40-50 days 0.2 - 0.3 kg
Low Estimate 0.001 kg/d 40-50 days 0.04 - 0.05 kg
High Estimate 0.013 kg/d 40-50 days 0.5 - 0.85 kg
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Table 5-12
Steody State Volatilizotion Loads

Ranges Reflect Combinea Sensitivities (lbs/d)

ROD Alternative Best Estimate Minimum Maximum
Slip #3 0.00037 0.000018 0.005
Upper Harbor 0.0013 0.000073 0.0015
Lower Harbor 0.0034 0.0002 0.0035
Outer Harbor 0.00088 0.000075 0.0009
Nearshore 0.0048 0.0011 0.007
Offshore 0.004 0.00076 0.009
TOTAL 0.0148 0.0022% 0.0269
IPC Alternative Best Estimate Minimum Maximum
Slip #3 neg. neg. negq.
Upper Harbor 0.000056 0.0000086 0.0002
Lower Harbor 0.00021 0.000032 0.00055
Outer Harbor 0.000086 0.000013 0.00017 .
Nearshore 0.0051 0.00083 0.016
Offshore 0.0039 0.0007 0.005%
TOTAL 000936 §.00158  0.0108
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Table 5-13
Volatilization Loads Duri..g Implementotion (lbs/day)

ROD Alternative

Combineu Ranges

Areas of Concern Best Estimote Minimum Maximum Duration
Slip #3 1.38 0.1 2.07 6-10 days
0.014 0.0011 0.02 40-50 days
Upper Harbor 6.44 0.5 9.64 6-10 days
0.062 0.005 0.1 40-50 days
Lower nurbor .81 0.2 2.69 6-10 days
0.0074 0.002 0.03 40-50 days
Outer Harbor 0.34 0.06 0.67 6-10 days
0.0019 0.0005 0.004 40-50 days
Nearshore 0.83 0.2 1.5 6-10 days
0.036 0.009 0.07 40-50 days
Offshore 0.052 0.017 0.08 6-10 days
0.0066 0.002 0.011 40-50 days
Crescent Ditch 0.016 0.0014 0.028 < 1 year*
Oval Lagoon 0.008 0.o0008 0.014 < 1 year®
E-W Channel 0.024 0.002 0.057 < 1 year+*
Dewatering Lagoon-1 1.97 0.034 3.42 2 years*»
Dewatering Laogoon-2 0.822 0.013 1.427 2 years**
Containment Cell-ND 2.77 2.22 3.32 < 1 year*
Containment Cell-PL 3.753 3.49 4.00 6-10 days*
Containment Cell-PL 0.280 0.280 0.344 40-50 days*

*Dewotering time aond time before capping unknown, assumed to be less
than 1 year.

=%Sediments in Dewatering Lagoon-1 may be fixed to minimize volatili-
zotion. Actual volatilizotion rotes may be lower due to attenuation
through fixotion and/or decreasing raotes of exchange between sediment
and water. Data were not available for guantification of this
attenuction. Therefore, consideraticn of the range is recommended.
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Table 5-14
Volatilizotion Loads During Implementotion {(1bs/day)

IPC Alternative

Combined Ranges

Areas of Concern Best Estimate Minimum Maximum Duration
Slip #3 0.281 0.0087 0.489% 40-50 days
Upper Horbor 0.062 0.005 0.1 40-50 days
Lower Horbor 0.0074 0.002 0.03 40-50 days
Outer Harbor 0.0019 0.0005 0.004 40-50 days
Nearshore 0.036 0.009 0.07 40-50 days
Offshore 0.0066 0.002 0.011 40-50 days
Crescent Ditch 0.016 0.0014 0.028 150 days
Oval Lagoon 0.008 0.0008 0.014 150 days
E-wW Channel 0.024 0.002 0.057 150 days
Slip #3 Containment 0.281 0.0087 0.489 160 days
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Comparison of Observed and Calculated
Dye Concentrations
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Figure °-5.

Comparison of Observed and Calculated
Suspended Solids Concentrations
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Figure 5-6.

Comparison of Cbserved and Calculated
Total PCB Concentrations
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Figure 5-0. Linear Regression Analysis of the Natural Logs of PCB Data
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6. Exposure Assessment

6.1. Introduction

The risk to public health from any chemical depends on two factors:
toxicity and degree of exposure. In this chapter, estimates are mode of
possible exposure to humans through the routes discussed in the EPA
Record of Decision (USEPA 1984), including dermal exposure, drinking
water, inhalation, ond ingestion of contominated fish.

Two types of exposure estimates .."e generally provided: "more
probable™ and "worst case." "More probable”" estimaotes involve midrange
values for parometers and are intenaded to represent best judgments
regarding the likely exposures. In this report, the term "worst case
analysis" refers to a policy of making assumptions and using procedures
thaot tend to be conservative, that is, that tend in the assessor's
judgement to overestimote the risk to humans. In making such estimates,
it is olways possible to make assumptions that are extremely conserva-
tive ond olso that are extremely unrealistic. Assumptions which some
consider to be reasonaobly conservative may be considered by others to be
highly conservative or anti-conservaotive. By studying the assumptions
provided for eoch exposure route and the indicated consequences of these
assumptions, a reader can evaluate for himself the extent to which the

worst case analyses discussed here appear to be conservative.
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6.2. Exposure Through Inholation

The populotion in the vicinity of the OMC site is potentially
exposed to PCBs through otmospheric contact. PCBs may volatilize from
the PCB in water from the harbor and North Ditch areas ond be carried
with the air masses over the harbor area ond over surrounding
residenticl oreas. To estimote the level of PCB exposure from the site,
on area-specific flux of PCBs was calculated and the distribution of
these PCBs over the Waoukegan aorea was determined using an otmospheric
dispersion model.

Estimaotes of cumulotive expo:.re to residents are calculated
assuming a daily respiration rate of 24 cubic meters of air per doy
(Kimbrough et al., 1984) for 70 years. Exposure estimates for those who
work in the vicinity of the. harbor are based on as assumed respiration
rate of 15 cubic meters of air per eight-hour work day. Cumulative
exposure estimotes assume that such workers may be employed in this area

for 50 weeks per year, for up to 70 yeors.

6.2.1. Bockground Concentrotion of PCBs

Although this report ossesses exposures from airborne PCBs origi-
noting from the OMC site, it is helpful also to have some indication of
what aombient levels of PCBs exist in nearby areas. Researchers have
collected air somcles from above the Laoke Michigan area to determine tne
bocxground concentration of PCBs. The results show o significant
difference between the rurcl and urban air concentrations. 1In the rural
areas the background concentration is agbout 1 nanogram per cubic meter

(Doskey and Andren, 1981). The same researchers found a range in PCB
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airborne concentration of 0.8 to 8.07 nanogram per cubic meter in the
urbon areas. The average PCB conc.ntration in the urban areas was
approximately 5 nanogroms. Average concentrations wcre approximately 3
nanograms per cubic meter in Milwaukee and 8 nanograms per cubic meter
in Modison and Chicago (Doskey and Andren, 1981). If the paraometers
discussed in the previous section are applied to these background
concentrations, a cumulotive, lifetime exposure of 4906 microgroms is

estimated for residents of Chicago.

6.2.2. PCB Dispersion Simulation

Estimates of the atmospheric loading of PCBs from the area water
bodies are based upon the PCB concentration in the water column and an
estimote for the mass tronsfer coefficient. This looding, presented in
Tables 5-12 to 5-14, includes estimates of PCB and volotilization f-om
the harbor, North Ditch areas, containment cells ond dewatering lagoons.
The distribution of PCBs to the surrounding area is determined using an
atmospheric dispersion model which describes the movement of air masses
ond the volatilized PCBs. The Industrigl Source Complex Long Term
(ISCLT), Version V, and Short Term (ISCST) atmospheric dispersion models
(Bowers et gl., 1979) are used to calculote the ground level concentra-
tion of the PCBs from the sources using meteorological data representa-
tive of the site. These calculated concentrations are compared to
background level concentrations found in rural and urban environments

oround Lake Michigan.
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The meteorological data used in the ISC ﬁodels ore from the Zion
Nuclear Power Plont site locuted approximately 10 miles north of
waukegan (Norco, 1986). This site is selected over those from the
O'Hare Airport, Milwaukee Airport and Chicogo Midway because the coastal
Zion site better reflects the microclimatic behavior of the atmosphere
that is observed in Waukegan. The coastal zone commonly demonstrates
wind direction potterns which are generaoted by the daily voriotions in
land ond loke body temperatures. Inland sites would not demonstrate
this microclimatic phenomenon.

The ISC Long Term model employs annualized multiyear data, whereas
the ISC Short Term model uses hourly meteorological data. The annualized
data represents a joint frequency of wind speed, wind direction and
stobility class compiled from five years of daota collected from the Zion
Power Plant site. The extended five year period of dato provides o firm
basis for the evaluation of o steady-state source. The 1982 Zion Plont
site hourly data used in the ISCST simulotions have been compared with
the available five years of dato and were found to represent well the
multiyear occurrences of the otmospheric stability closses. Little o’
variability is evident when compared with the five year data (Jirik,
1986a).

The ISC models ore steady-stote Gaussian plume models for a contin-
uous source. The models provide the downwind concentrations ot ground
level. The PCB sources are area sources over which otmospheric loadings
are distributed. The PCB plume f~om any point is calculcted knowing
wind speed and direction, temperature and ctmospheric stability

category. Atmospheric stability influences the vertical and horizontal
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dispersion of the plume with distance from the source. The plume
dispersion parameters are based on the Pasquill-Gifford curves which are
undefined for distances less than 100 meters from the source. This
computational restriction influences the PCB concentrations calculated
in the near OMC region. For instance, the Larsen Marine site is less
éhon 100 meters from Slip #3. Concentrotions calculated for this site
may therefore be somewhat low. The effect of this limitotion is reduced
by dividing the harbor into multiple smaller source regions when
applying the air model.

The water bodies with their surface volatilization of PCBs ore
considered to be area sources for the ISC models. The eleven dgfined
sources, including Slip #3 and the Ncrth Ditch, are further divided into
66 discrete areas. The number of model sources for each defined surface
body are tabulated in Table 6-1. Each of these model sources is square
and has a constant emission raote for each scenario studied. Figure 6-1b
displays the OMC site aond locations of several sources and discrete
receptors.

The steady-state ISC models are reasonably employed since the PCBs
ore dispersed continuously and over long periods of time relgctive to air
mass dynamics. For short time releases such os found in aspects of the
ROD and IPC implementations, the ISCST simulation should provide a more
accurate presentation for the PCB concentrations if the correct atmos-
pheric conditions are known. Becouse accuroate conditions ore unknown,
the ISCLT mcdel is used to predict both long and short term exposures.
This approach tends to smooth out short term (e.g., hourly) fluctuotions

which occur with shifting wind direction and velocity. However, for
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relaotive magnitude comparisons, the moximum 24 hour average concentra-
tions are calculated with the ISCST model and are tacbulated for selected
sites in Table 6-9.

The exposure to PCBs is calculated for the resident population of
Waukegan and for specified sites near the PCB sources. The population
data is taken from 1980 U.S. Census data. The data describes the resi-
dent population’s spatiol distribution on o city block basis. An inves-
tigation of employment figures in the Waukegan area (Jirik, July 17,
1986) revecled three sources ot data for employee numbers. The data,
however, do not describe where the woukegan employees work, and of any
dato which describes worksites, the number which live and work in the
city is not provided. Because the spatial location of the transient
populaotion {(commuting workforce) is not known, site-specific scenarios

are used to quantify exposures to persons working in the harbor area.

6.2.3. Atmospheric Concentrotions for the ROD and IPC Alternotives

The remedial action prooosed by EPA includes the dredging and
dewatering of the PCB laden sediment (USEPA, 1984). There will be two
dewatering lagoons developed to the east of the upper harbor area, on a
site once occupied by the General Motors Foundry. The higher concen-
trated sediment will be dewotered in lagoon arec one, the smaller and
assumed more northerly lagoon (see Figure 6-1b). As the water is
allowed to evaporate from the lagoon areas, PCBs will volatilize ond be
dispersed through atmospheric cction. The length of time for which the
lagoons will be exposed and the PCBs cllowed to volatilize is not clear,

but model estimates are that they will be in operation for approximately
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two years. Atmospheric PCB concentrations are calculated for this
estimaoted two year period. The caolculoted exposure values for the ROD
(and the IPC) alternatives are divided into three groups. One is the
post cleanup steady-state exposure (Tables 6-3 and 6-6). The value
presented here aossumes seventy years of exposure to the steady-state PCB
concentrations after the ROD (IPC) tusks are complete. During cleonup,
PCBs will be exposed to the atmosphere and the increased environmentol
loading will offect air concentrations for that period of time.

However, it is not known when some tasks of the cleanup action may
occur. For instance, in the ROD, it is not known when the North Ditch
cleanup will begin relative to Slip #3 cleanup. Here it is assumed that
these tasks will occur simultaneously. This assumption will have the
effect of yielding larger maximum concentrations; however, the
cumulotive exposure represented in Tables 6-3 through 6-8 still
correctly reflects exposure, regardless of task scheduling.

The maximum average daily concentration for each of the seven
selected sites is displayed in Table 6-9. These values are calculoted
with the ISC Short Term model using the one year of hourly meteorologicol
data. The ROD daily volues are based on o period of time after the
first fifty days of Slip #3 dredging. In foct, it is assumed thot
atmospheric loadings of PCBs from the slip, upper, lower and outer
harbors have been reduced to negligible values. The atmospheric
loodings from the North Ditch areas are, however, equivalent to existing
conditions, i.e., conditions prior to any remedial action. The signi-
ficaoant loadings, and indeed what the calculoted concentration reflects,

are from the two logoon sources and the North Ditch contcinment cell.
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Figure 6-1a graphically displays the high concentrations around the
dewatering lagoons.

The maximum average daily corncentrations for the IPC clternative are
bosed on a period of time, amounting to nearly 45 days, during which the
slip and upper harbor are producing atmospheric loads of PCBs greater than
those resulting from existing conditions. It is ossumed thot cleanup
action at the North Ditch has not yet begun. The resulting maximum daily
concentration at the OMC offices reaches 1.3 micrograms PCB per cubic

meter of air, nearly 170 times background levelc. It is interesting to

note that of the seven identified sites, the twelve largest daily ~
concentrotions reoched during the year occur at ihe site of the OMC
offices.
The average exposure to the resident population is tabulated in
Tables 6-3, 6-4 and 6-5.
6.3. PCB Exposure Due to Ingestion of Fish
Fish aore exposed to PCBs throuqgh contact with the water, sediments,
and smaller organisms that are part of the food choin. The concentra- ~

tion of PCBs in fish tissues is usually much higher than in the
surrounding media because fish bioaccumulate PCBs. This section
ossesses the risk to consumers of fish containing PCBs migrating from
the OMC site.

The waoters of Lake Michigan near Waukegan appear to be fished
rather “aa-ily; it was estimatec .~ Chapter 3 that 634,000 fishermen
from Illinois fish in Laoke Michigan. Although fisherman use the port

facilities in Woukegan Harbor, there is very little fishing octivity in

-169-



Exposure Assessment

the harbor itself. The horbor is small (42 acres) and becouse it is
used for industrial purposes, it is not conducive to fishing. EPA’'s
difficulties in obtaining fish saomples from the harbor (Chapter 3)
suggest that there cre very few .sport fish in the horbor. According to
the EPA Record of Decision Briefing Material, "No Fishing"® signs are
posted in the harbor. Accordingly, this section will focus primarily on
the risk from eating Lake Michigan fish containing PCBs originating from
the area of the upper harbor.

Assessing risk from PCBs fr-om the harbor is a complex problem
because PCBs have entered the lake from many sources and it is difficult
to measure OMC’'s contribution to the totol PCB levels. According to
the analysis in Chapter 5, the lcke areo impacted by PCBs from OMC is
small (on the order of one mile in radius). It would be useful to know
the number of persons fishing in this area, the total amount of fish
caught, and the froction of total fish caught at vorious distances from
the harbor mouth. Currently, reliable data are not available for these
variables and extensive dota gathering and sampling would be required to
fill these data gaps. Similar data are available for Loke Michigan as a
whole, but this is not the dota needed to estimate exposures due to
contributions from the upper harbor arega.

In view of the limitations of fish survey doto, an assessment of
exposure has been based on well-defined scenarios regarding fishing
patterns and fish consumption. PCB levels in fish are estimated by
opplying © biocaccumulation factor to estimated levels of PCGs in water
that are calculoted in Chapter 5 and taking into account the percent of

time fish spend in areas similor to that impacted by the OMC site.
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Estimotes of levels of contamination in fish cought in and
adjacent to Waukegon Harbor are used to estimate exposure to those who
consume these fish. Estimates of exposure are calculoted for a single-
day, in order to estimate risk of non-caorcinogenic effects, and for an

average lifetime, in order to estimate carcinogenic risks.

6.3.1. Assumptions

The amount of PCBs from Waukegan Harbor in Lake Michigaon water is
related +r~ distance from the harbor (cf. Figures 5-11 and 5-12). There-
fore, assumptions are necessary concerning the waters that fish inhobit.
For single-day exposure estimates, fish that are consumed are assumed to
have been exposed for 10¥ of the time to ambient conditions consistent
with the nearshore area and 10% of the time to conditions consistent
with the offshore area (more probable estimate). For worst case single-
day exposure estimates, it is assumed that fish consumed are caught from
the harbor aond are contominated at levels observed in sport fish Foken
from the harbor. For total exposure estimotes, it is assumed that the
fish consumed have been exposed to ambient conditions in the nearshore
in close proximity to Waukegon Harbor for approximately 10% of the time,
to conditions in the adjacent offshore area for 10% of the time, and to
conditions in the main body of the lake for 80% of the time, as
discussed in Chapter 5. Although these assumptions reflect observed
migration of fish in different depth zones of the loke, they are
extremely conservative in that they do not fully take into account the
broader migratory patterns of fish. These sport fish migrate in

directions parallel as well as perperdicular to the shore and are only
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impacted by Waukegan Haorbor for a small portion of the time spent in the
nearshore orea. The applicable necrshore ond offshore areas ore identi-
fied in Figure 5-10. Thaot portion of the lake beyond the offshore arec

will be considered ags the moin body of the lake for this assessment.

Based on information in Chapter 3, fish consumption is estimated to
be 0.224 kg (8 ounces) for a single-day exposure, and for total exposure
3.41 kg per year (more probable estimate) or 21.4 kg per year (worst
case estimate). Measurements of PCB levels in raw and cooked fish
indicate substantial losses from preparation and cooking. A conserva-
tive estimate of this reduction has been chosen by nssuming that PCB
concentrations in fish will be reduced through cooking by a fucéor of
1.65 (Chapter 3). Other sources of data suggest that cooking may reduce
PCB levels by as much os 75% (FDA, 1979) to 80% (Maxim and Harrington,
1984).

In order to estimate o lifetime exposure to PCBs, it is assumer
that fish are consumed at the previously stated rote for 30 years (more
reasonable) or 60 years (worst cose). It is also assumed that all the

N . fish consumed during these lengthy periods spend 20% of the time in the
small nearshore and offshore creas identified in Figure 5-10. This
appears to be a highly conservative assumption since it is unlikely that
c person's fish consumption for an entire lifetime would come from the
small area of Lake Michigan affected by Waukegan Harbor.

PCB concentrations in raw fish were determined by subtracting the
background levels of PCBs in the fish from levels of PCBs in fish
calculoted for each clean-up alterrative (see Table 5-7). These

glternatives include the Record of Cecision alternative (ROD) and the
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In-Place Contoinment alternative (IPC), which ore discussed in detail in
Chapter 4. Levels of PCBs in fish from the harbor haove been estimated
by utilizing both experimental and theoretical data. The data are
limited because, in studies to determine PCBs in Lake Michigan fish,
very few sport fish have been caught in Waukegan Horbor (Chapter 3).
Those caught and analyzed include one rainbow trout ond eight yellow
perch, captured in 1980 and 1981. Actual measurements of PCBs in
tissues of these sport fish caught from the harbor show a raonge of 1.41
to 34.0 ppm. The upper limit of these measurements represents only 18%
of the levels pred.cted from environmentol modeling of existing
conditions. Therefore, volues predicted for fish from the haorbor for
the ROD and IPC alternatives have been adjusted downward by the scme
ratio (18% of value predicted by modeling, os listed in Table 5-6).

PCB concentrotions in cooked fish were then estimated by reducing
the values for raw fish by a factor of 1.65; the resulting concentra-

tions are given in Table 6-10.

6.3.2. Estimating Exposure for Steady-State Alternatives
Single-day more probable estimates of exposure are estimoted from

the formula

(0.224 Kkg)(Ch + Co mg/kg)(1000 ug/mg) = 224 * (Cu + Cylug,

where .

= PCB concentrations {bect estimote) in cooked fish exposed to
ambient conditions consistent with r2arshore levels of PCBs, and

Co = PCB concentrotions (best estimate) in cooked fish exposed to
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ombient conditions consistent with offshore levels of PCBs,

Single-day worst cose estimaotes are calculated as

(0.224 kg)(Ch mg/kg)(7000 ug/mg) = 224 * Cp ug,

where Cp represents PCB concentrations (maximum) in cooked fish exposed
to ambient conditions consistent with levels of PCBs found in Waukegan
Harbor. Values of Cn are tocken from Table 6-10.

More probable estimotes of total exposure are obtained from the

formula

(3.41 kg/yr)(Cy + Co mg/kg)(1000 ug/mg)(30 yrs) =

1.02x10% = (Cp + Co) ug.

where C, and C, represent PCB concentrations (best estimate) in cooked
fish as previously defined and where it is being assumed that the impact
of PCBs from the Waukegan site is confined to the nearshore and offshore

areas depicted in Figure 5-10.

worst case estimotes of total exposure are obtained from the

formula

(21.4 kg/vr)(Cy + Co mg/kg)(1000 ng/mg)(60 yr) =

1.28x108 » (C, + Cq) gg.
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where here C, and C, represent concentrations (maximum) in cooked fish
as previously defined. Estimates of exposure by ingestion of fish are

summarized in Table 6-11.

6.4. Exposure by Dermal Contact

Exposure through dermal contact could occur in numerous activities.
The EPA Record of Decision discusses the possibility of exposure at the
public beach located on Lake Michigan to the east of the upper part of
waukegan Haorbor and through washing PCB-containing mud or silt from
boats. Dermaol exposures are likel, to vary considerably depending upon
the level of PCBs in the sediments and the type of activity and would be
difficult to estimate accurately. To evaluate the possible exposure
through this route a scenario is developed based upon the washing of
boats. The results of dermal exposure estimates for the two different
remedial alternatives described in Chapter &4 are summarized in
Tcble 6-12.

PCB harbor concentrations are generally highest in Slip #3 and
decrease progressively toward tne harbor area south of Slip #3.
According to the USEPA briefing material on the OMC Remedial Action,
Larsen Marine Service, Inc. is locoted at Slip #3 and provides complete
marine repair services and performs removal and storage of boats using a
crane operaoted hoist. The segment of Slip #3 in the vicinity of Larsen
Marine has been found to contain sediments overaging 1737 ppm PCB
(Figure 4-1). Sediments from the lower harbor, where the boat launching
facilities are located, show PCB levels less than 20 ppm. Surface

sediments at different locations in the Waukegan Harbor have been
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identified as containing Aroclors 1242 and 1248 only (Armstrong, 1980).
In the Slip #3 region, Aroclor 1242 was found to be the major component
with o gradual shift to o predominance of Aroclor 1248 as one proceeded

towards the harbor mouth.

6.4.1. EPA Record of Decision (ROD) Alternative

According to the remedial alternaotive envisioned in the EPA Record
of Decision, the upper harbor is to be dredged to remove sediments
contaoining PCBs greater than 50 pom while silt and sediments in Slip #3
will be excavated and disposed of in an offsite landfill. In Chapter 5
it was pointed out that it is difficult for dredging operations to
ochieve an efficiency higher than 90% in removing sediments containing
PCBs. Hence, it will be aossumed that this remedial alternative reduces
the PCB level only to about one tenth of the original concentration in
Slip #3. This would imply thaot the sediments in the neighborhood of the
Larsen Marine might contain about 174 ppm of PCB even after the remedioal

action has been taken.

6.8.1.1. Worst case estimate for a single boot wash: ROD Alternative
For the worst case situation, let us assume that a person washing
the mud and silt off a boat is exposed to sediments containing an
average PCB level of 174 ppm.
For an adult human whose body weight is 55 kg, the total body
surface area is about 1.61 m2 (Hawley, 1984). If we suppose that a
person is clothed in shorts for the washing chores, approximately 80% of

the body surfoce may be exposed, thot is,
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1.61m2 x 0.80 = 1.29 me.

It is difficult to estimote the amount of mud or silt that might
come in contact with a person’s skin in such on activity. Kimbrough
et al. (1984) made plousible estimates of daily deposition of soil on
exposed skin for different age groups. These values indicuted.thot
maximum amount of soil deposition tokes place for the 1.5 year to 3.5
year age group. Lepow et al. (1975) investigated ingestion of lead
among urban preschool child -~ =t play around the dwellings where they
lived. Their studies showed that the average weight of dirt on a 21.5
cm? area of a child's hand was 1° mg. In estimating the amount of mud
or dirt to which o person may be exposed while cleaning a becat, it is
likely that the person will use some kind of o brush or a scraoper while
hosing down the debris, thereby reducing the chonces of direct contact
with soil. If we use the Lepow value as an upper bound to the rate of
soil deposition during cleaning, the totacl weight of dirt on the exposed

body surface will ot most be equal to

(1.29m2)(104% em2/m2)(11 mg/21.5 em2)(1 g/10° mg) = 6.860 g.

This quantity of mud contoins (using 1737 ppm for the PCB level)

(6.60 g)(103 mg/g)(174x10-8) = 1.15 mg PCB.
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Wester et al. (1983) found that post-contact washing cannot be
assumed to remove all applied PCB from the skin, as only about half
(58.9% with a standard deviation of 7.5%) of [14C]-labeled 42% PCB could
be recovered in their experiments with guinea pigs. We will, as a worst
case, présume that, even if a person bathes after woshing the boat, he
is still potentially exposed to the chemicol to the extent of about 1.15
mg.

A chemical mixed in o soil medium could possibly be inhibited in
its penetration of the skin due to o small portion of the substance
being avu..able for skin contact ancd _lso due to physical and chemicaol
bonding (odsorption) of the compound to the matrix (this is porticularly
true for smaller silt-like organic soil particles). Hawley (1884)
estimated that the soil matrix had the effect of reducing the dermal
absorption rate for the direct applicaotion of tetrachlorodibenzodioxin
(TCDD) to 15%. Since the processes of adsorption and removal of PCBs by
biolegical and chemicol means are not yet fully understood, we will not
take the matrix effect into account in estimating the worst case PCB
exposure.

Dota compiled by Wester and Moibach (1976) on the percutaneous
absorption of hydrocortisone, testosterone, and benzoic acid showed that
the absorption characteristics of the rhesus monkey were close to those
of man. Similar results were olso found by Maoibach and Wolfram (19871)
in the percutaneous absorption of hair dyes in the rhesus monkey and
man. Studies of dermol absorption of PCBs by Wester et al (1983)
yielded absorption rates of 15% tc 34% in rhesus monkeys for

{'4c]-labeled 42% PCB. For our worst cose scenorio, we will assume a
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maximum dermal aobsorption of 100%, i.e., 1.15 mg of PCB per boat wash.
For a single washing of a boaot covered with sediments contnining

174 ppm of PCB, the maximum single-day exposure can therefore be

estimated as

(1.15 mg)(103 ug/mg) = 1,150 ug.

Assuming a human weight of 55 kg, the maximum single-day exposure

is given by

1,150 ug / 55 kg = 20.9 ug / kg.

The above calculotion is for a worst case single-day exposure and

is based on the following hypotheses:

a. The average weight of an adult human is 55 kg.

b. The average surface area of a human body is 1.61 m2,

c. The average exposed area during cleaning is 80% of total area.

d. The average concentration of soil on the exposed portion of a
person's body during cleaning is equal to that on the hands of a
small crild from playing outdoors, namely 0.51 mg/cmz.

e. The dermal absorption rate is 100%.

f. The ROD remedial alternotive is only 90% effective in reducing
the PCB level in the Slip #3 and the upper harbor area.

g. The level of exposure is equivalent to dermal contact with

scil sediments containing 174 ppm PCB.
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6.5.1.2. A More Probable Case for u Single Boot Wosh: ROD Alternotive

As the boat launching ramps at the horbor are more than 600 meters
away from Slip #3, most of the recreational boating would likely occur
in the port of the harbor where the PCB levels of the sediment may be
assumed to equal the average value of 16.5 ppm found near the Waukegan
Port District. The proposed dredging of the harbor is expected to
remove only sediments with PCB content of more thon 50 ppm and,
consequentlv. we may presume that the remedial action will not in any
way adversely affect the average concentrations (less than 20 ppm) in
the lower haorbor. Further, the plousible rote of dermol obsorption of
PCB through human skin could be approximated by the maximum absorption
rate found in the rhesus monkeys, i.e., 34%.

wWith these modifications, o single-doy exposure assessment for the
more probable case can be obtained as follows:

Amount of PCB exposure for a person washing a boat on a single-day

= (6.60 g)(108 g/g)(16.5x10-6)(0.34) = 37 ug.

For on avercge adult of 55 kg weight, this corresponds to a single

day exposure of 0.673 ug/kg.

6.4.1.3. Multiple Boat Washings: ROD Alternative
In the absence of conclusive informotion on the degradation
properties of PCB in soil sediments, lifetime exposure evaluations for

multiple boat washings over a period of years are obtained under the
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assumption that the PCB concentrotion levels in the sediments remoin
essenticlly the same.

Let us assume that a person, during his lifetime, may wash boats
for 20 years, each year at the end of the season on removal from woter
for storoge. It may be recoclled (Section 6.4.1) that the maximum worst
case single-day exposure was obtained using o value of 174 ppm as the
PCB content for the sediment near the Larsen Marine area. A plausible
worst case situation for multiple washings over a long period of time is
assumed to be one in which the soil being washed from the boat contains
174 ppm PCB (a high value) for one wash, but has 16.5 ppm (the overage
value at the lower harbor area) for the other washes. Under these
assumptions, the total quantity or the PCBs that a person is exposed to

in twenty years amounts to

(1,150 ug/wash)(1 wash) + (37 pg/wash)(1 wash/yr)(19yr) = 1,853 ug.

The worst case averoge daily exposure for a lifetime is

(1,853 ug/55 kg)/(25,550 days) = 1.32x10-3 ug/kg/day,

where the average 1life span of an human is estimated to be 70 years

or 70 x 365 = 25,550 days.

For o more probable case, the extent of PCB exposure due to twenty

years of boat washing may be conservatively estimated as twenty times

the single-day exposure obtained in Section 6.4.1.2, giving
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(37 ug/wash)(1 wash/yr)(20 yr)s 740 ug.

This value averaged over 70 years (25,550 days) now yields a lifetime

average daily exposure as

(740 ug/55 kg)/25,550 days = 5.27x10-% .g/kg/day.

6.4.2. In-Place Containment (IPC) Alternative

This olternaotive action, as described in Chapter &4, proposes to
contain all PCB laden sediments on-sit in a containment cell built
across the mouth of Slip #3 and to dredge aond deposit in this cell
sediments with PCB greater than 50 ppm. Assuming again thot the
efficiency of dredging is at best 90%, the upper harbor will have
sediments with PCB content of not more than 55 ppm. The lower harbor
may be presumed to be unaffected by this operation. These assumptions

will form the basis for the following exposure estimates.

6.4.2.1. Worst Case Estimate for o Single Boat Wash: IPC Alternative
Here, the estimote of PCB exposure is arrived ot by replacing the
value of 174 ppm from the ROD alternative (Section 6.4.1.1) by 55 ppm,

and we get the maximum single-day exposure to be 364 ug.

6.4.2.2. A More Probable Case for a Single Boat Wash: IPC Alternative
Since the lower harbor is assumed to be unaffected by the IPC
operation, the moximum exposure estimate is the saome as that for the ROD

(Section 6.4.1.2), namely, 37 ug of PCB per wash which is equivalent to
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0.673 ug/kg.

6.8.2.3. Multiple Boat Washings: IPC Alternative

The exposure estimates for multiple washings are calculated
analogous to that made in Section 6.4.1.3. For the worst cose anaolysis
we assume that a person is exposed to 364 ug of PCB (Section 6.4.2.1)
for one wash while for the other 19 washes the exposure is considered to
be about 37 ug (Section 6.4.2.2). On the other hand, for the more
proboble case, the exposure amounts are presumed to be 37 ug for each of
the 20 washes. For the worst case, tis extent of total lifetime

exposure is

(364 pug/wash)(1 wash) + (37 pg/wash)(1 wash/yr)(18 yr) = 1,067 ug

or a lifetime average daily exposure of 7.59x10-4% ug/kg/day.
For the more probaoble case, the total exposure is 740 ug, which

translates to a lifetime averace daily exposure of 5.27x10~% .g/kg/day.

6.5. Exposure by Drinking Water

The exposures to PCB due to drinking water from the Waukegan Wwater
Supply System are computed on the assumptions that

(a) the water supply system will continue to use the emergency
water intake situated in the lower harbor at times of need, and thaot

(b) a person drinks on aon average two liters of water per day.
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6.5.1. PCB Concentrations in Water

The levels of PCB in the surface water in the Waukegan harbor are
much lower than those in the sediments. Water samples obtained from
different locations in the haroor areac (Versar, 1980) showed higher
concentrations of PCB at the west end of Slip #3, the level decreasing
as one proceeds towards the mouth of the harbor. PCB levels in the
upper harbor area were in the range from 0.21 to 14 ppb (averaging about
2.7 ppb) while the corresponding range for the harbor inlet region was
from less than 0.01 to 0.31 ppb (average about 0.14 pgb). Harbor
intakes at the OMC Johnson /ucility hove been monitored at two
locations, HI-1 and HI-2, for the period from Jananuary, 1977 to
Dececember, 1985. HI-2 is located in Slip #3, approximately a third of
the distance from the west end, while HI-1 intoke is at the lower harbor
area, near Johnson Motors Plant #1. A review of the intokes at HI-2
revealed that the mean PCB levels over each twelve month period from
January 1977 until December, 1985 decreased from about 2.64 ug/Q (2.64
ppb) to obout 0.9 ug/? (0.8 ppb), although high anomalous values (19 ppb
and 68 ppb) were also observed. PCB levels monitored at HI-1 exhibited
similar characteristics: the monthly averages decreased from 1.03 ug/!
(1.03 ppb) to 0.12 ug/¥? (0.12 ppb), while occasional values as high as 8

ond 12 ppb were reported.

6.5.2. PCB Exposure Due to Drinking Water
The City of Waukegan maintains an emergency drinking water intake
in Waukegaon Harbor. This intoke ras been sparingly used but is an

integral part of the Waukegan water supply. Should the city need to
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utilize the emergency intake, PCBs from the harbor would be introduced
into the drinking water system. Ac-~ording to the emergency water use
information provided by the Outboard Marine Corporation (OMC), the City
of Waukegan operoted the emergency water intake for a total 87.5 hours
during the period from February, 1968 to January, 1978, which averages
to 8.75 hours per year. We will therefore ossume that a person using
drinking water from this system will be exposed to PCBs an average of
8.75 hours per year during his lifetime of 70 years; this is equivalent

to exposure for

(8.75 hours/yr)(70 yr)/{(24 hours/doy) = 25.5 days.

The averaoge daily consumption of waoter by o human is estimaoted to
be about 2 liters. A person drinking 2 liters of water daily from the
wWaukegaon water supply system over a lifetime of 70 years, will consume
the water to the extent of (2 0/day)(25.5days) = 51 liters.

Steady-state projections of PCB levels in water for the various
regions of the harbor under the two clean up olternatives are set out in
Table 5-4. The maximum values therein will be used for worst case
analyses while the best estimates will provide the basis for the more
probable case. Exposure estimotes are computed using these values
corrected for the background by subtracting the PCB levels (Table 5-3)
thot provide bose case concentragtions in the absence of PCBs in the
harbor z-~en from the observed lev.:ls in the water column. In the
following sections, values are computed for the drinking water exposure

under each of the alternatives and are displayed in Table 6-13.
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6.5.2.1. EPA Record of Decision (ROD)} Alternative

For the ROD alternative action, the maximum PCB level in the harbor
waters corrected for background levels is 0.0263 ppb obtoined by
subtraocting the base concentration level of 0.0007 ppb (Taoble 5-3) from
the estimoted volue of 0.027 ppb (Table 5-4). This value will provide
the worst caose estimate of exposure by drinking water. For the more
probable case, however, we shall use the best estimote of 0.0133 ppb
obtained from Table 5-4 after subtracting the background concentration
level of 0.0007 ppb. The computations for the two cases follow in the

next two subsections.

6.5.2.1.1. Worst Case Estimate: ROD Alternative

we shall assume that the water from the Waukegan woter supply
contains 0.0263 ppb PCB and that a person drinks 2 liters of water per
doy from the Waukegan water supply. This would correspond to a maximum

single-day exposure of

(2 2)(109 4g/9)(0.0263x10-9) = 0.0526 ug.

If the totaol amount of water (containing PCBs) ingested during an

average lifetime is estimated (Section 6.5.2) as 51 liters, the amount

of PCB is

(51 2)(109 4g/?)(0.0263x1079) = 1.34 pug.
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The equivalent average daily exposure over a lifetime of 70 years

(25,550 days) is then obtained as

1.34 ug/(55 kg x 25,550 days) = 9.54x10~7 ug/kg/day.

6.5.2.1.2. More Probable Case: ROD Alternative

If we use the best estimote of 0.0133 ppb (Tables 5-3 and 5-4), the
maximum single-day exposure is given by 0.0266 ug. The total lifetime
exposure becomes 0.678 ug and the average daily intake for o lifetime is

4.83%x10-7 ug.

6.5.2.2. In-Place Containment {IPC) Alternactive
The computations for the drinking water exposures for the IPC

alternative follow along the some lines as for the ROD above.

6.5.2.2.1. Worst Case: IPC Alternative

Here, the maximum level of PCB in water (corrected for base
concentration) is estimated to be 0.0036 ppb (Tables 5-3 ond S5-4). The
corresponding moximum single-day exposure is 0.0072 ug. The total
lifetime exposure amounts to 0.184 ug, and the aoveraoge daily exposure is

thus 1.31x10-7 ug/kg/day.

6.5.2.2.2. More Probable Case: IPC Alternctive

Using the best estimate provided by Tables $-3 and 5-4, the maximum

‘single-day exposure is obtained as 0.0004 ug. The lifetime volues are:
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Total lifetime ingestion = 0.01 ug, and

Average daily exposure = 7.25%10-9 ug/kg/day.

6.6. Swimming and Other Shore Activities
6.6.1. Maximum single-day exposures

For a person swimming in the harbor, or walking or playing on the
beach, we might assume that the moximum extent of PCB exposure is not
exceeded by that for a person drinking 2 liters of the harbor water in a
day. Thus, rough upper limits to the maximum single-day exposures for
the worst cose and the more probable one may be proposed as equivalent

to the corresponding drinking water scenarios.

6.6.2. Lifetime exposures

To obtain lifetime exposures for swimming, we may define a worst
case scenario as one in which a person, during his lifetime, swims 20
times a year for 30 years in the nearshore area of the Waukegan beach
and further accidentally falls in the harbor waters, perhaps, ten times
during that period. For the more probable case, we will consider
swimming in the nearshore beach areo only. Further, we will assume that
a person swimming or falling in the harbor ingests about 0.1 liter of

water per episode (Nauman, 1986).

6.6.2.1. ROD Alternotive
Taobles 5-3 and 5-4 estimate the maximum PCB concentrations in the
water columns (corrected for background) ot the harbor region and the

nearshore crea to be 0.0263 ppb anc 0.0016 ppb respectively, while the
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best estimate provided for the nearshore areo is 0.0006 ppb. These
values are used to assess the lifetime exposures under the ROD

alternative as follows:

Worst case exposure estimate for total PCB ingested during a

lifetime due to swimming is computed as

(0.1 2)(109 ug/#)(10x0.0263x10-9 + 30x20x0.0016x10-9) = 0.122 ug.

More proboble exposure estimate for total PCB intaoke during

lifetime

= (0.1 0)(109 ng/#)(30x20x0.0006x10-9) = 0.036 ug.

6.6.2.2. 1IPC Alternative

Lifetime exposures for this scenario are obtained in the some
fashion as in the previous section, using the PCB levels for the harbor
ond nearshore areas projected by Table 5-4 and corrected for background

levels as given in Table 5-3. The exposure values are:

Worst case exposure estimate

= (0.1 2)(109 Lg/9){(10x0.0036x10"9 + 30x20x0.0009x10-9) = 0.0576 ug.

More probable exposure estimate

= (0.1 2)(109 Lg/0)(30x20x0.0001x10"9) = 0.006 ug.
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Single-doy and total exposure values for the worst and the more
probable cases for swimming in the woters off Waukegan beoch are listed

for each clean-up scenario in Table 6-14.
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Table 6-1

Sources for the
Industriaol Source Complex Atmospheric Models

Number of ISC Total Area

PCB Source Model Sources (square meters)
Slip #3 1 5,015
Upper Harbor 13 23,770
Lower Harbor 11 96, 905
Outer Harbor 3 43,200
Crescent Ditch 3 1,118
Oval Lagoon 4 627
East-West Channel 17 2,581
Dewatering Lagoon - 1 1 3,267
Dewatering Lagoon - 2 1 22,742
Containment cell 1 8,500

North Ditch

Contoinment cell 1 7,300

Parking Lot

-191-



Exposure Assessment

Table 6-2

Description of Selected Sites

Coordinates*
Site Number Site Location (meters,meters)
1 Larsen Marine -180, 210
2 National Gypsum -290, 100
3 Public Beach 245, 100
4 OMC - Offices -180, 310
5 OMC - vie Complex, 210, 260
Southside
6 OMC - Plont #1 14, -170
7 Sea Horse Drive -55, 300

* Coordinaote reference found in Figure 6-1.
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Table 6-3

Resident Population Cumulative Exposure Through Inhalation:
Lifetime Exposure to Post Cleonup (Steady-Stote) Concentraotions

Cumulative Exposure
micrograms/lifetime

Radial Distance Popula- More worst

meters tion Action Probable Case
0 to 1000 15 ROD 8. 14E+01 1.18E+02
IPC 4.79E+00 1.31E+01
1000 to 2000 10726 ROD 3.15E+01 5.95E+01
IPC 1.80E+00 4.86E+00
2000 to 3000 16071 ROD 3.19E+00 5.86E+00
IPC 1.88E-01 4.98E-01
3000 to 4000 22538 ROD 1.75E+00 3.24E+00
IPC 1.04E-01 2.74E-01
4000 to 5000 20116 ROD 1.24E+00 2.27E+00
IPC 7.38£-02 1.94E-01
5000 to 6000 13134 ROD 9.63£-01 1.78E+00
IPC 5.73E-02 1.50E-01
6000 to 7000 10974 ROD 7.73E-01 1.43E+400
IPC 4.61E-02 1.21E-01
7000 to 8000 5572 ROD 5.84E-01 1.09E+00
IPC 3.47E-02 9.09E-02
8000 to 9000 5455 ROD 6.92£-01 1.31E+00
IPC 4.10E-02 1.08E-01
9000 to 10000 7250 ROD 5.66E-01 1.06E+00
IPC 3.37e-02 8.82£-02
10000 to 15000 45754 RCD 3.56€E-01 6.56E-01
IPC 2.14E-02 5.57E-02
15000 to 25000 38318 RQD 1.45E-01 2.65%5E-01
IPC 8.71E-03 2.27€e-02
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Table 6-4

Resident Population Cumulotive Exposure Through Inholation:
Period Exposure to Transient Cleanup Concentrations

Cumulative Exposure

micrograoms/period*

Radial Distance Popula- More worst

meters tion Action Probable Case
0 to 1000 15 ROD 6.68E+02 1.03E+03
IPC 1.33E+01 2.39E+01
1000 to 2000 10726 ROD 6.07E+02 9.26E+02
IPC 1.04E+01 1.84E+01
2000 to 3000 16071 ROD 6.21E+01 9.61E+01
IPC 9.93E-01 1.75E+00
3000 to 4000 22538 ROD 3.59E+01 5.54E+01
IFC 5.55E-01 9.80E-01
4000 to 5000 20116 ROD 2.49E+01 3.86E+01
IPC 3.84E-01 6.77E-01
5000 to 6000 13134 ROD 1.99E+01 3.09E+01
IPC 3.04E-01 5.37E-01
6000 to 7000 10974 ROD 1.62E+01 2.51E+401
IPC 2.44E-01 4.31E-01
7000 to 8000 5572 ROD 1.27€E+401 1.97E+401
IPC 1.91€-01 3.37E-01
8000 to 9000 5455 ROD 1.55E+01 2.40E+401
IPC 2.31E-01 4.08E-01
9000 to 10000 7250 ROD 1.24E+01 1.92E+01
IPC 1.85E-01 3.27E-01
10000 to 15000 45754 ROD 7.50€E+00 1.17E+01
IPC 1.12E-01 1.98E-01
15000 to 25000 38318 ROD 3.00E+00 4 .B66E+00
1PC 4 .50E-02 7.94E-02

* period is 2 years for ROD and 150 days for IPC.
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Table 6-5

Resident Population Cumulative Exposure Through Inhalation:
Lifetime Exposure to Transient ond Post Cleanup Concentraotions

Cumulotive Exposure
micrograms/lifetime

Radicl Distance Popula- More worst

meters tion Action Probable Case
0 to 1000 15 ROD 7.47E+02 1.15E+03
IPC 1.80E+01 3.69E+01
1000 to 2000 10726 ROD 6.37E+02 9.84E+02
IPC 1.22E+01 2.32E+401
2000 to 3000 16071 ROD 6.52E+01 1.02E+02
IPC 1.18E+00 2.25E+00
3000 to 4000 22538 RGu 3.76E+01 5.86E+01
IPC 6.57E-01 1.25E+00
4000 to 5000 20116 ROD 2.61E+01 4.08E+01
IPC 4.57E-01 8.70E-01
5000 to 6000 13134 ROD 2.09E+01 3.26E+01
IPC 3.61E-01 6.86E-01
6000 to 7000 10874 ROD 1.69E+01 2.65E+01
IPC 2.90E-01 5.52E-01
7000 to 8000 5572 ROD 1.33E+01 2.08E+01
IPC 2.26E-01 4. 28E-01
8000 to 9000 5455 ROD 1.62E+01 2.53E+01
IPC 2.72E-01 5. 1SE-01
9000 to 10000 7250 ROD 1.30E+01 2.03E+01
IPC 2.19E-01 4.15E-01
10000 to 15000 45754 ROD 7 .85E+00 1.23E+01
IPC 1.34E-01 2.54E-01
15000 to 25000 38318 ROD 3.14E+00 4.92E+00
iPC 5.37E-02 1.02E-01
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Selected Sites - Exposure Through Inhaolation:

Lifetime Exposure to Post Clearup

(Steady-State) Concentrations

Cumulotive Exposure
micrograms/lifetime

More worst

Action Probaoble Case
SITE ROD 5.58E+01 6.18E+01
IPC 2.76E+00 8.78E+00
SITE ROD 7.33E+01 2.33E+02
IPC 3.15E+CC 9.70E+00
SITE ROD 3.37E+01 7.98E+01
IPC 1.79E+00 4. 94E+00
SITE ROD 6.78E+01 3.80E+02
IPC 2.12E+00 6.75E+00
SITE ROD 2.99E+01 8.08E+01
IPC 1.48E+00 4 . 22E+00
SITE ROD 8.36E+01 1.46E+02
IPC 4.57E+00 1.29E+401
SITE ROD 6.43E+01 2.86E+02
IPC 2.32E+00 7.36E+00
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Table 6-7

Selected Sites - Exposure Through Inhalation:
Period Exposure to Transient Cleanup Concentrations

Curulative Exposure
micrograms/lifetime

More Worst

Action Probable Cose
SITE 1 ROD 2.16E+03 3.49E+03
IPC 3.78E+00 6.51E+00
SITE 2 ROD 9.77E+02 1.53E+03
IPC 5.79E+01 1.01E+402
SITE 3 ROD 1.83E+03 3.04E+03

IPC 1.72E+01 3.00E+01 -

SITE & ROD 1.99E+03 2.97E+403
IPC 1.13E+02 1.97E+02
SITE 5 ROD 1.88E+03 3.09E+03
IPC 1.92E+01 3.38E+01
SITE 6 ROD 9.28E+02 1.53E+03
IPC 2.28E+01 3.97E+01
SITE 7 ROD 3.65E+03 5.93E+03
IPC 8.13E£+01 1.42E+02
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Selected Sites - Exposure Through Inhalation:
Lifetime Exposure to Transient and
Post Clecnup Concentrations

Cumulative Exposure
micrograms/lifetime

More worst

Action Probable Case
SITE ROD 2.22E+03 3.55E+03
IPC 6.52E+00 1.52E+01
SITE ROD 1.05E+03 1.76E+03
1PC 6.10E+01 1.10E+02
SITE ROD 1.86L+03 3.12E+03
IPC 1.89t+01 3.49E+01
SITE ROD 2.06E+03 3.34E+03
IPC 1.15E+02 2.04E+02
SITE ROD 1.91E+403 3.17E+03
IPC 2.07E+01 3.80E+01
SITE ROD 1.01E+03 1.67E+03
IPC 2.73E+01 5.25E+01
SITE ROD 3.71E+03 6.21E+03
IPC 8.36E+01 1.49E+02

-198-



Exposure Assessment

Table 6-9

Selected Sites - Maximum Exposure Through Inhalotion:
PCB Concentration in Air

Max i mum Maximum Doily
24-hour Average Exposure (pg)
Concentraotion More worst
{microgroms/cubic meter) Probable Case
SITE ROD 4.1 61.5 88.4
IPC 0.18 2.7 4.59
SITE ROD 2.3 34.5 55.2
IPC 0.52 7.8 13.26
SITE ROD 2.7 40.5 64.8
IPC 0.15 2.25 3.825
SITE ROD 3.7 55.5 88.8
IPC 1.3 19.5 33.15
SITE ROD 2.6 39.0 62.4
IPC 0.14 2.1 3.57
SITE ROD 2.3 34.5 55.2
IPC 0.3 4.5 7.65
SITE ROD 10.0 150.0 240.0
IPC 0.951 7.65 13.005
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Exposure Assessment

Table 6-10

Concentrations of PCBs in Cooked Fisn (ppm or mg/kg)
Solely Attributable to Areas Impacted by the OMC Site®

Alternative Action

IPC ROD
Harbor
Best estimate/maoximum 0.02/0.39 1.43/2.87
Nearshore
Best estimate/maximum 0.006/0.05 0.036/0.097
Offshore
Best estimate/maximum 0.0/0.006 0.004/0.006

O Deriveu rrom actual dat. for the harbor and from Table 6-9 for the
nearshore and of .hore arcus.

-200-



—— — - N

Exposure Assessment

Taoble 6-11

Estimotes of Exposure by Eating Sport Fish

Single-day Exposure (ug) Total Exposure (ug)
Alternative More Probable Worst Case More Probable wWorst Case
ROD 8.96E+0 6.43E+2 4,.08E+3 1.32E+5
IPC 1.34E+0 8.74E+1 6.12E+2 7.17E+4
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Exposure Assessment

Table 6-12

PCB Exposures Through Dermal Contoct

Exposures/ Single-doy Exposure {(ug) Total Exposure {uq)
Alternatives Mcre Probable worst Case More Probable wWorst Case

Single boat woshing

ROD 37 1,500
IPC 37 364

tifetime boat washing

ROD 740 1,853
IPC 730 1,067

~202-



Exposure Assessment

Table 6-13

Drinking Water Scenario for the Woukegan Water Supply System

Singie Day Exposure (ug) Total Exposure (ug)

Alternative More Probable Worst Caose More Probable wWorst Cose
ROD 0.0266 0.0526 0.678 1.34
IPC 0.0002 0.0072 0.01 0.184

-203-~



Exposure Assessment

Taoble 6-14

Exposures Due to Swimming or Other Recreational Activities

Single Day Exposure (ug) Total exposure (ug)
Alternative More Probable Worst Case More Probable Worst Case
ROD 0.0266 0.0526 0.036 0.122
IPC 0.0004 0.0072 0.006 0.0576
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7. Special Considerations

Risk of Accidents to Trucks During Transportation of PCB
Sediments from Waukegan Harbor to Offsite Landfills
7.1. Introduction

The USEPA (Region V) conducted a feasibility study to evaluate
possible olternatives for cleanup and removal of PCB-laden sediments
from the Waukegan Horbor area. Two alternotives were proposed: (i) the
cost-effective approach, and (ii, the fund-balanced approach.

The cost-effective approach colled for the excavation and disposal
offsite (after necessary dewate~ing and fixing) of a total of 188,700
cubic yards of sediments containing PCBs from the Harbor and the North
Ditch regions. The fund-balonced approach, however, considered a
limited excavation of only about 11,200 cubic yords of soil ond sedi-
ments to be transported to an approved chemical landfill site.

The remedial olternative proposed by the EFPA Record of Decision has
chosen the fund-balanced approach for implementotion. Clermont
Environmentol Reclamation (CECOS), Williomsburg, Ohio (population 1,952)
has been proposed as the site for the permanent disposal of the sedi-
ments containing PCBs. This is the nearest commercial site licensed to
accept PCB wastes and is approximately 360 miles from wWaukegan,

Illinois.
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Speciol Considerations

7.2. Mode of Hauling Hazardous Material

The Code of Federal Regulations (November, 1985) requires storoge
ond disposal of PCB wastes in suitable metal barrels or drums of marked
capacity not more than 55 gollons. We assume that the hazardous
material will be delivered to the landfill area in such PCB containers
and hence the common type of carrier for the transshipment could be
single unit trucks rather than larger tractor-frailers or tandem trucks.
An average drum of 55 gallon capacity has on outer diameter of 22.5
inches and a height of 34.5 inches. If we taoke the payload areoc of a
single unit truck to be about 24 feet by 6 feet, it is possible to
accommodaote 36 drums on the floor area. If the truck height is obout 7
feet, these drums may be stacked in two tiers, yielding a total payload

of 72 drums per truck. The volume of soil in a 55 gallon container is

55 gallons x (0.13368 cu.ft/gal) x (1 cu.yd/27 cu.ft)

= 0.27 cubic yards.

A truck houling PCB wastes in drums can thus move

(0.27 cu.yd/ drum) x 72 drums = 19.6 cubic yards per trip.

The disposal of the sediments containing PCBs will therefore
require about 570 truckloads (11,200 cubic yards/19.6 cubic yards per
truckload) under the fund-bolanced approach. The requirement would
increase to 9,600 truckloads if the cost-effective remedy were to be

implemented.
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Speciacl Considerotions

7.3. Probability of Accidents on the Highways

The probaobility of an accidcnt occurring to a motor vehicle on the
road depends on the accident rate for the kind of vehicle used as well
as on the type of roads traovelled.

According to the U.S. Deportment of Transportation (1983) Highway
Statistics Division, there were 36,547,781 trucks of all types
registered in 1983 and 35,288,253 of these were single unit trucks
(96.6% of the total). These trucks logged a total of 342,484 million
vehicle miles. The Statisticil Abstract of the U.S. (1986, 106th
edition, p.600) reports thot in 1983 o total of 5.8 million trucks were
involved in accidents (regordless of severity). Assuming that the
probability of accidents for single unit trucks is the some as that for
all the di%ferent types of trucks, we would have 96.6% of 5.8 million
accidents for the single unit trucks. The mean probability of an
occident happening to a single unit truck per mile travelled can
therefore be caolculated as (96.6% x 5.8 million accidents)/(342,484

million miles travelled)
i.e., 16.35 x 10-6 occidents per mile.

In order to take into account the road types travelled by single
unit trucks, we combined the estimates of the Highway Stotistics
Division (U. S. Department of Transportotion, 1983, p.168) for the
distrihbution of vehicle miles trnversed by single unit trucks in 1982
according to roadway function clacs, and the data from the National

Accident Sampling System (U. S. Deopartment of Transportotion, 1884,
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Special Considerations

Table 13) for the number of single unit truck accidents by road types.
The combined daota and the computed probability of accident per mile for

single unit trucks are given below:

Road Type Total miles Number of Probability of
{(millions) accidents accident/mile

Interstate 48,103 25,720 5.3 x 10-7

Principal

aorterial 132,597 26,840 2.0 x 107

Other 151,809 23,180 1.6 x 10-7

It has also been estimated that 72% of the accidents in 1982 were
the result of collision with other vehicle(s), while 15% corresponded to
single vehicle collisions such as collisions with buildings, bridges,
trains, animals, poles, trees etc. The remaining 13% of the accidents
related to noncollisional accidents such as rollovers, explosions,
immersions, etc. The Fatal Accident Report System (U. S. Department of
Transportation, 1983) details 4174 fatal accidents for all types of
trucks in 1983 of which 320 involved single unit trucks. The accidents
are categorized as: 1158 on Interstate, 1444 on principal arterial
roadways, and 1572 on other rcads. While an explicit breakdown of the
fatal accidents according to vehicle type and rood type is not
available, we may, to a first order of approximotion, presume that the
single unit trucks involved in the fatal accidents on different road
" types were in the same proportion as the totaol number of all types of
trucks. Thus, we have the following table of rotes for fatal accidents

involving single unit trucks for the different road function classes:
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Probability
No.of trucks No. of single Miles travelled of fatal
in faotaol units in fatal by single units accident/mile
Road Type occidents acciuents {millions) for single units
Interstate 1,158 89 25,720 1.9 x 10-9
Prin. Artl. 1, b4l 1M 26,840 0.8 x 10-9
Others 1,572 120 23,180 0.8 x 10-9

The above data may now be utilized to estimate the probability of ¢
single unit truck encountering an accident (fatal or otherwise) on the

highway while transporting PCB wastes to the proposed landfill site.

7.6. Probobility of Accidents Enroute to the CECOS Landfill Site

The route from Waukegan, Illinois to the chemical waste site at
Williamsburg, Ohio covers a distance of about 360 miles; 345 miles of
this is by Interstaote, while the remainder consists of 3 miles of urban
road connecting Woukegan to the Interstate, and 12 miles of rural poved
road leading from Interstate highway to the destinotion at Williemsburg.
If we consider the urban road as a principol artery, the probability of
a single unit truck encountering a fatal occident while traversing the

route from wWaukegan to Williamsburg is given by

(1.9 x 10-9 per mile x 345 miles) + (0.8 x 10-9 per mile x 3 miles)

+ (0.8 x 109 per mile x 12 miles) = 667.5 x 10~% = 0.67 x 1076,

The probability of an accident of any kind amounts to
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(5.3 x 10-7 per mile x 345 miles) + (2.0 x 10~7 per mile x 3 miles)

+ (1.5 x 10-7 per mile x 12 miles) = 1,852.5 x 107 = 1.85 x 10-%4.

The above calculations can be further refined to reflect individual
accident types (multivehicle collision, single vehicle collision, or

noncollisional occident) as follows:

Probability of accident of a given type =

Probability of any occident x proportion of the accident type.

Hence for a single unit truck,

Probability of a multivehicle collision = 1.85 x 10~% x 0.72
= 1.33 x 107%;

Probability of a single vehicle accident = 1.85 x 10-% x 0.15
= 0.28 x 1074;

Probability of a noncollisional accident = 1.85 x 10°% x 0.13

= 0.24 x 104,

For the entire transportation process, the number of trucks
involved in the different types of highway accidents are obtained by
multiplying each of these probabilities by the total number of truck-
loads needed to move the PCB containing soil and sediment from the

harbor. Thus, under the fund-balanced approaoch:
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Probability of a multivehicle collision during disposal of
11,200 cubic yards of PCB wastes = 7.6 x 10-2;

Probability of o single vehicle accident = 1.6 x 10-2;
Probability of g noncollisional accident = 1.4 x 10-2,
Probability of a fatal highway accident = 3.8 x 10-%,
Probability of any kind of occident = 0.106.

These numbers can be interpreted to mean that, on the average,
about four single unit trucks out of every 10,000 may be involved in a
fotal occident on o one-way trip from Waukegaon to the CECOS landfill
site. Further, the transshipment of 570 truckloads of sediment will
encounter an cccident of some kind or other with a probability of
roughly one chance in ten.

If the cost-effective approcch were to be selected, these numbers
would increase by a foctor of 16.8 (188,700 cubic yards/ 11,200 cubic
yards). The explicit numbers of trucks involved in the various kinds of
accidents are estimated as:

Average number of trucks involved in a multivehicle collision

during disposal of 188,700 cubic yards of PCB wostes = 1.3;

Average number of trucks in a single vehicle collision = 27;

Averags number of trucks in a noncollisional accident = 24,

Average number of trucks in a fatal highway accident = 0.0064;

Average number of trucks in any kind of accident = 1.8.
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8. Results and Discussion

The purpose of this investigation was to provide a quantitative
assessment of the potential health risks to persons environmentally
exposed to PCBs contained in Waukegan Harbor or the surrounding area
during and after either the ROD or IPC remedial action plan. PCBs in the
sediment and water in Waukegan Harbor and the surrounding area could
result in potential human exposure by way of ingestion of fish caught in
the harbor area, drinking water derived from the emergency water intake,
inhalation of volatilized PCBs, and dermal absorption in a variety of
recreation activities, including boat washing, and swimming. Since each
remedial olternative is expected to result in different amounts of PCBs
in each of the environmepntal compartments (air, water, sediment, and
fish), the extent of human exposure for each of these routes and
estimates of the incidence of adverse health effects under these various
conditions of human exposure will vary with the remedial clternative
selected. 1In order to assess the potential for caoncer and other effects,
both the various exposure routes and the effect of each remedial action
on the exposure for that specific route have been considered. The
results of this assessment are perhaps most useful for comparing the
relative risks that may exist as o result of the levels of exposures
estimated for the ROD and IPC remedial actions.

In Chopter 6 potential human exposures were estimoted for each
identified route of exposure and for each remedial alternative. More

probaole and worst case estimate< were derived in each case. Human
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Results and Discussion

exposures were expressed os either the overoge doily lifetime exposure
or the maximum single-day exposure. As stoted in Chapter 2, estimates
of risk for noncarcinogenic effects core evaoluated by comparing the
estimated levels of human exposure, expressed as the maximum single-day
exposure, with the "no observcble effects levels"” (NOELS) or "lowest
effect levels"™ (LELs) derived from animal toxicity studies to arrive at
mcrgins of safety (MOS) for systemic, reproductive, fetotoxic,
immunologic, or teratogenic effects. For estimotes of cancer risk,
potency estimates were derived by applying mathematical dose response
mn~rals to cancer biocossaoy data. Risk estimotes were converted from
animals to humans by assuming thaot a given dose rate expressed in
mg/kg/day gives the some risk in animals and humans. The extra lifetime
cancer risk in humans can then be estimated by multiplying the
carcinogenic potency estimate for PCBs of 0.639 (mg/kg/day)~1 by the
estimated average daily lifetime exposure to PCBs expressed in
mg/kg/day.

Table 8-1 provides estimates of the lifetime extra cancer risks
associaoted with the estimated average daily lifetime exposures for each
route and each action plon. Margins of safety {(MOS) for noncancer
effects colculated from maximum doily exposures are presented in Tables
8-2 to 8-6. From among the inhalation scenarios developed, one
residential exposure scenario and three site-specific scenorios were
selected for summation in these tables. Among the residential popu-
lations, the highest estimates of PCB concentrations occur among persons
living negrest to the OMC site, that is, from 0 to 1000 meters from the

site. Because the number of people living in the area less than 1000

—214-



Results and Discussion

meters from the site is small (15 persons), risk estimotes were presented
for the residential population of 10,726 living within 100C to 2000
meters of the site. Of the seven sites located in the vicinity of the
harbor, three sites with the highest estimated exposures, specificaolly
the National Gypsum plant, public beach, and OMC office sites, were
selected for aonalysis.

Certain general patterns ore apparent from Tables 8-1 to 8-6. 1In
general, the order of exposure scenarios in terms of increosing risks are
swimming, ingestion of drinking water, inhclotion, dermal, and, lostly,
inpestion of fish. Among the noncarcinogenic effects, MOS derived for
fetotoxic effects had the lowest values, i.e. the highest estimates of
potential risk, followed by reproductive, systemic, immunologic, and
teratogenic effects in order of increasing MOS.

For oll environmental exposure scenarios, except ingestion of fish,
estimates of extra lifetime cancer risk are less than two extra cancers
per million persons exposed under the ROD remedial action plan and less
than five extra cancers per 10 million under the IPC plan. Route speci-
fic estimotes of exposure and, correspondingly, estimates of extra life-
time cancer risk aos a result of thot specific exposure were consistently
higher under the ROD remedial oction plan than the IPC. Worst case
estimotes of average lifetime exposure to PCB under the ROD remediol
action plan range from 9.4x10-% mg/kg/day from ingestion of fish
containing PCBs to 8.7x10-11 mg/kg/day from swimming in the harbor area,
while exposure estimotes under the IPC plan for the same exposure
scenarios were 5.1x10°5 mg/kg/day and 4.1x10-11 mg/kg/day. Correspond-

ing extra lifetime cancer risks for these exposures range from six per
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100 thousand persons to approximately six per 100 billion persons under
the ROD alternative and three per 100 thousand persons to approximaotely
three per 100 billion with the IPC clternative. For the fish ingestion
exposure scenario and the swimming exposure scenaorio, the IPC olterna-
tive represents a 50% reduction in the extra risk predicted under the
ROD alternotive plan.' Implementation of the IPC alternative would
result in worst case estimates of'extro cancer risk that are opproxi-
mﬁtely 40% (for the dermal exposure scenario) to 99% (for the
inhalation/public beach scenario) less than those estimoted under the
ROD alternctive for the corresponding exposure scenarios. Similarily,
more probcble estimates of cancer risk under the IPC olternative would
be B4% (for swimming exposure scenario) to 99% (for the inhalation/
public beach scenario) less than those estimated under the ROD oclterna-
tive. More probable estimates of risk for the dermal exposure scenario
are the same for both the ROD and IPC alternatives.

For both remedial alternatives, lifetime extra concer risks that
result from either drinking water from the harbor intake or from
swimming in the harbor arec are extremely small and are the lowest of
all of the exposure routes evaluated. As stated, lifetime extra cancer
risks from PCB exposure in the swimming scenario range from less than
three per 100 billion for the IPC alternative to less than six per 100
billion for the ROD alternative. Worst cose estimctes of cancer risk
due to the drinking water exposure route range from approximately six
per ten billion to eight per 100 billion for the ROD and IPC
clternatives, respectively. Similorly, worst case estimates of MOS

assvciated with these octivictcies are all greater than 10000. Fetotoxic
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effects had the smallest MOS (corresponding to the highest potential for
risk) of the noncarcinogenic effects studied with MOS ranging from
18,000 to 130,000 for the ROD and IPC alternatives for both the drinking
water and swimming scenarios. These MOS for fetotoxic effects indicate
that for drinking water and swimming exposure scenarios the estimated
human exposure is at leaost 18,000 times lower than the LEL estimated
from animol studies.

Worst case estimates of lifetime carcinogenic risks from inhaliation
range from approximately one per million up to five per ten million for
the ROD alternative (for the OM" affice site and the residential
scenario, respectively). Estimates from the IPC alternative for the same
exposure scenarios ronge from approximately one to ten per 100 million,
which is a reduction of 80% to 99% when compared to the ROD estimates.
MOS for fetotoxic effects for single-day occupationol inhalotion expo-
sures are higher for the ROD oﬁd IPC scenarios than other exposure
routes, due to the volatilizaotion estimated to occur from dewotering
during the cleanup. For the IPC olternative, MOS for fetotoxic ef%ects
based on worst case exposure estimates range from 28 to 240, ond for
other effects raonge from 50 to 1400. For worst cose exposure estimates
under the ROD, MOS for fetotoxic effects cre less than 20 ond range from
20 to 170 for all other noncancer effects.

More probable and worst case estimates of lifetime carcinogenic
risks for dermol exposure (washing boats) are all less than one per
million. Worst case estimates of MOS for ©ll noncancer effects for both
action plans are less than 30, while more probable estimates of MOS

range from 25 (fetotoxic effects) to 250 (teratogenic effects). It
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should be kept in mind in evoluoting these estimates that a number of
seemingly conservative assumptions concerning exposure and dermal uptake
are used in estimating dermal exposures.

The results in Tables 8-7 to 8-6 clearly indicate that the largest
potential cancer risk to humans comes from eating fish containing PCBs.
More probable estimates of risk under the ROD alternative are two per
million persons and under the IPC clternative are three per ten million
persons, however, worst cose estimotes for these alternatives aore
approximately six and three p3r hundred thousand. Similarly, MOS for
«.. noncancer eff:_', under wors* case exposure estimates are less than
20 for the ROD and range from 10 (fetotoxic effects) to 100 (teratogenic
effects) for the IPC, but are greater than 1000 for more probable
estimates for the IPC alternative. A number of the assumptions used in
estimoting exposure are likely to result in overestimation of the
exposure to most individuols. For example, the worst case exposures
from ecting fish are derived from the assumptions that on individual
will eat 47 pounds of fish each year for 30 years, all of which are
caught from the two-square mile area of Lake Michigan that is estimated
to be affected by PCBs from the harbor.

As stated, the results of this aossessment are perhaps most useful
for gouging the relative degrees of risk posed by the two remedial
olternatives (ROD ond IPC). Many of the uncertainties associated with
estimotes of risks are less important when comparing risks from the
different aolternatives, because many steps in the estimation process are
common to both alternatives, ond uniform approaches were followed for

thess steps. This includes al' of the steps involving the use of
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toxicologicel data in dose response aossessment, as well os the steps,
such as those discussed in the previous paragraph, which relate to humoan
uptake parameters ond behavior.

One of the most critical ussumptions affecting comparisons among
remediol octions is that dredging will remove 90% of PCBs from the harbor
sediments. Based on the informotion ovailable at this time, this appears
to be o conservative estimate and octual removal may not ochieve this
high level of efficiency; therefore significant amounts of PCB-containing
sediments will probably remain in Slip #3 and PCBs will continue to be
exp..ad and transpori.. to the environment after completion of the ROD
action. In contrast, the IP. alternative involves the isclation of the
highly contaominated sediments in Slip #3 through construction of a slurry
wall between Slip #3 ond the upper harbor area. As a result, the IPC
alternaotive is estimoted to be much more effective in preventing the
transport of PCBs from Slip #3 to the environment and ultimately in
reducing -sediment, water, ond fish concentrations of PCBs.

Certain evidence (discussed in Chapter 5) indicote that PCB
concentrations in the harbor sediment aond water column, and consequently
ovoilable by way of inhalation, decrease with a half-life of between &
and 8 years. This holf-1ife for the effective PCB concentration was not
opplied to either the ROD or IPC alternatives. Had the five year haolf
life aossumption been applied to the ROD aond IPC, estimotes of cancer
risks resulting from sediment concentrations would have been similariy
reduced. For example, applying a five year half-life assumption to the
IPC alternctive would have resuvlted in more probable estimates of

lifetime cancer risk from eating fish being reduced from 0.16 per
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million to 0.04 per million. On the other hand, maximum daily exposures
and corresponding MOS would be unaffected by assuming a finite half-life
because the maximal single-day exposure could occur before PCB
degradation occurs in sedimenc.

A complete assessment of the comparative risks from the various

'
alternatives should consider special risks ossociated with cleanup
alternatives, such as risks of accidents. The Code of Federal
Regulations (1985) calls for removal in enclosed drums of sediments
containing PCB levels in excess of 10,000 ppm to an EPA-approved
londfill. It is estimated that 570 truckloods moy be required to move
this amount of sediment. In an EPA feosibility study, two landfills
were proposed for the permanent disposal of the PCB contaminated
sediments. Of these two, only the landfill in Clermont, Ohio is
licensed to accept PCBs. Based on distonces from Waukegan to this
landfill, types of roads that would be traversed, and state-specific
accident raotes for trucks, it is estimated that the probability of an
accident involving ot least one fotality while transporting this
material is 380 per million. Also, although not evoluated in this
study, there is likely to be considerable dermal and inhalation exposure
to workers operating the dredges and involved in other clearup
operations.

The risk estimates appearing in Tables 8-1 to 8-6, particularly
those pertaining to cancer, may be difficult to place in perspective. T
aid in this process, listed in Table 8-7 are some risks of cancer and
accidental death from octivities with which most individuals may be more

familiar. The cancer risks were calculated by applying the same methods
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{dose response model, etc.) to heolth effect dota os were applied in this

document.
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Table 8-1

Estimoted Lifetime Exposures and Corresponding Cancer Risks

More Probob” . Tstimotes Worst Cose Estimotes
Exposure Route/ Average Lifetime Average Lifetime
Alternctive Exposure Exposure
Action {mg/kr/uay) Risk (mg/kg/day) Risk
Dermal
ROD 5.3E-07 3.4E-07 1.3E-06 8.4E~07
IPC 5.3E-07 3.4€E-07 7.6E-07 4 .9E-07
Drinking water
ROD 4.8E-10 3.1E-10 9.5E-10 6.1E-10
IPC 7.3E-12 4.7E-12 1.3E-10 8.3E-11
Swimming
ROD 2.6E-11 1.7E-11 8.7E-11 5.6E-11
IPC 4 .3E-12 2.7E-12 4.1E-11 2.6E-11
Ingestion of Fish
ROD 2.9E-06 1.9E-086 9.4E-05 6.0E-05
IPC 4 .4E-07 2.8€-07 5.1E-05 3.3E-05
Inhalation
Residential (1000-2000 meters)
ROD 4 . 5€-07 2.9E-07 7.0E-07 4 .5E-07
IPC 8.7E-09 5.6E-09 1.7E-08 1.1E-08
National Gypsum
ROD 7.4E-07 4 .7E-07 1.2E-086 8.0E-07
IPC 4.4E-08 2.8E-08 7.9E-08 5.1E-08
Public Beach
ROD 1.3E-06 8.5E-07 2.2E-06 1.4E-06
IPC 1.4E-08 8.7E-09 2.5E-08 1.6E-08
OMC - Offices
ROD 1.5E-06 9.3E-07 2.4E-06 1.5E-06
IPC 8. 3£-08 5.3E-08 1.5E-07 9. 3E-Q8
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Table 8-2

Results and Discussion

Estimated Maximum Daily Exposures and Corresponding
Margins of Safety for Systemic Effects

More Prob...o Estimotes

worst Case Estimates

Exposure Route/ Maoximum Daily Maximum Daily
Alternative Exposure Exposure
Action {mg/kg/any) MOS (mg/kg/day) MOS
Dermal
ROD 6.7E-04 1.5E+02 2.1€E-02 4.8E+00
IPC 6.7E-04 1.5E+02 6.6E-03 1.5E+01
Drinking water
ROD 4_.8E-07 2.1E+05 - 9.6E-07 1.0E+405
IPC 7.3E-09 1.4E+07 1.3E-07 7.7E+05
Swimming
ROD " .8E-07 2.1F+05 9.6E-07 1.0E+05
IPC 7.3E-09 1.4E+07 1.3E-07 7.7E+05
Ingestion of Fish
ROD 1.6E-04 6.3E+02 1.2E-02 8.3E+00
IPC 2.4E-05 4.2E+03 1.6E-03 6.3E+01
Inhalation
Nationol Gypsum
ROD 6.3E-04 1.6E+02 1.0E-03 1.0E+02
IPC 1.4E-04 7.1E+402 2_4E-04 4.2E402
Public Beach
ROD 7.4E-04 1.4E+02 1.2E-03 8.3E+01
IPC 4. 1E-0S 2.4E+03 7.0E-05 1.4E+03
OMC - Offices
ROD 1.0E-03 1.0E+02 1.6E-03 6.3E+01
IPC 3.5€-04 2.9E+02 6.0E-04 1.7E+02
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Results and Discussion

Table 8-3

Estimated Moximum Daily Exposures and Corresponding
Margins of Safety for Reproductive Fffects

Mora Prob...c Estimates Worst Case Estimates
Exposure Route/ Maximum Daily Maximum Daily
Alternative Exposure Exposure
Action {(mg/kg/day) MOS (mg/kg/day) MOS
Dermal
ROD 6.7E-04 4. 9€+01 2.1E-02 1.6E+00
IPC 6.7E-04 4.9E+01 6.6E-03 5.0E+00
Drinking water
ROD 4.8E-07 6.8E+04 9.€E-07 3.5E+04
IPC 7.3E-09 4 .5E+06 1.3E-07 2.5E+05
Swimming
ROD 4.8£-07 6.8E+04 9.6E-07 3.5E+04
IPC 7.3E-09 4 S5E+06 1.3E-07 2.5E+05
Ingestion of Fish
ROD 1.6E-04 2.1E+02 1.2E-02 2.7E+00
IPC 2.4E-05 1.4E+403 1.6E-03 2.1E+01
Inhalation
National Gypsum
ROD 6.3E-04 5.2E+04 1.0E-03 3.3E+01
IPC 1.4E-04 2.4E+02 2.4E-04 1.4E+02
Public Beach
ROD 7.4E-04 - 4 ,SE+01 1.2E-03 2.7€E+401
IPC 4.1E-05 8.0E+02 7.0E-05 4.7E+402
OMC - Offices
ROD 1.0E-03 3.3€+01 1.6E-03 2.1E+401
IPC 3.5E-04 9.4E+01 6.0E-04 5.5E+01
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Results and Discussion

Table 8-4

Estimoted Maximum Daily Exposures and Corresponding
Margins of Sofety for Teratogenic Effects

More Probabl: Estimates Worst Cose Estimotes
Exposure Route/ Maximum Doily Maximum Daily
Alternative Exposure Exposure
Action (mg/kg/day) MoS {mg/kg/day) MOoS
Dermal
ROD 6.7E-04 2.5E+02 2.1E-02 8.0E+00
IPC 6.7E-04 2.5E+02 6.6E-03 2.5E+01
Drinking water
ROD 4 .8E-Q7 3.5E+405 9.6E-07 1.7E+05
IPC 7.3E-09 2.3E+407 1.3E-07 1.3E+06
Swimming
ROD 4.8E-07 3.5E+05 9.6E-07 1.7E+05
IPC T.3E-09 2.3E+07 1.3E-0/ 1.3E+06
Ingestion of Fish
ROD 1.6E-04 1.0E+03 1.2E-02 1.4E+01
IPC 2.4E-05 7.0E+03 1.6E-03 1.0E+02
Inhalation
National Gypsum
ROD 6.3E-04 2.7€+02 1.0E-03 1.7€+402
IPC 1.4E-04 1.2E+03 2.4E-04 7.0E+02
Public Beach
ROD 7.4E-04 2.3E+02 1.2E-03 1.4E402
IPC 4.1E-05 4. 1E+03 7.0E-05 2.4E+403
OMC - Offices
ROD 1.0E-03 1.7E+02 1.6E-03 1.0E+402
IPC 3.5E-04 4.8E+02 6.0E-04 2.8E+02
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Results and Discussion

Table 8-5

Estimated Maximum Daily Exposures and Corresponding
Margins of Safety for Fetotoxic Effects

More Probable Estimates wWorst Case Estimotes
Exposure Route/ Maximum Daily Maximum Daily
Alternative Exposure Exposure
Action {(mg/kq/day) MOS (mg/kg/day) Mos
Dermol
ROD 6.7E-04 2.5E+01 2.1E-02 8.1E-01
IPC 6.7E-04 2.5E+01 6.6E-03 2.6E+00
Drinking water
ROD 4 .8E-07 3.5E+04 9.6E-07 1.8E+04
IPC 7.3E-09 2.3E+06 1.3E-07 1.3E+05
Swimming
ROD 4 .8E-07 3.5E+04 9.6E-07 1.8E+04
IPC 7.3E-09 2.3E+406 1.3E-07 1.3E+05
Ingestion of Fish
ROD 1.6E-04 1.1€+02 1.2E-02 1.4E+400
IPC 2.4E-05 7.1E+02 1.6E-03 1.1E+401
Inhalgtion
National Gypsum
ROD 6.3E-04 2.7E+401 1.0E-03 1.7E+01
IPC 1.4E-04 1.2E+02 2.4E-04 7.1E401
Public Beach
ROD 7.4E-04 2.3E+01 1.2E-03 1.4E+401
IPC 4.1E-05 4.1E+02 7.0E-05 2.4E+02
OMC - Offices
ROD 1.0E-03 1.7E+01 1.6E-03 1.1E+401
IPC 3.5E-04 4.9E+01 6.0E-04 2.85+01
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Results ond Discussion

Table 8-6

Estimated Maximum Daily Exposures and Corresponding
Margins of Safety for Immunclogic Effects

More Probable Estimates wWorst Cose Estimotes
Exposure Route/ Maximum Daily Maximum Daily
Alternative Exposure Exposure
Action {(mg/kg/day) MOS (mg/kg/day) MOS
Dermal
* ROD 6.7E-04 1.3E402 2.1E-02 4 2E+00
IPC 6.7E-04 1.3E+402 6.6E-03 1.3E+01
Drinking water
ROD 4.8E-07 1.8E+05 9.6E-07 9.1E+04
IPC 7.3E-09 1.2E+07 1.3E-07 6.7E+05
Swimming
ROD 4.8E-07 1.8E+405 9.6E-07 9.1E+04
IPC 7.3E-09 1.2E+07 1.3E-07 6.76+405
Ingestion of Fish
ROD 1.6E-04 5.4E+02 1.2E-02 7.3E+00
IPC 2.4E-05 3.6E+03 1.6E-03 5.4E+01
Inhalation
Naotional Gypsum
ROD 6.3E-04 1.4E402 1.0E-03 8.7E+01
IPC 1.4E-04 6.2E+02 2.4E-04 3.6E+02
Public Beach
ROD 7.4E-04 1.2E4+02 1.2E-03 7.2E+01
IPC 4. .1E-05 2.1E+03 7.0E-05 1.2E+03
OMC - Offices
ROD 1.0E-03 8.7e+01 1.6E-03 S.4E+01
IPC 3.5E-04 2.5E+02 6.0E-04 1.4E+02
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Results and Discussion

Table 8-7

Lifetime Risks Per Million Perscns@9

Smoking cigorettes reyu.urly 88,000
[lung concer only]

Accident from working for 40 years

in mining and quarrying 24,000

in construction 15,600

in manufacturing 2,400

in agriculture 18, 400
(form residents only) 6,280
Airline pilot 899

{cancer from cosmic ~._.iation)

Drinking one diet soft drink per day 170

[saccharin]{cancer)
One hour per day exposure to passive 200
cigarette smoke at work {lung cancer)

Living in a brick house 56
[radiation, except radon]{cancer)

Chest x-rays during life 41
[radiotion, U.S. averagel{(lung cancer)

Eating peanut products 11
{aflatoxin, U.S. average] {(liver cancer)

Keeping a clock with a radium dial 9
in the bedroom for 5 years (cancer)

Having a chest x-ray 1.5
(lung cancer)

Spending a day in the Rocky Mountains 0.13
(concer from cosmic radiation)

Taking a single airplane flight 0.06
(cancer from cosmic rodiction)

Gestimates of lifetime risks calculated in-house at K. S. Crump and
Company.
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